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In the discussion that has recently taken place concerning the 
teaching of elementary physics, two apparently contradictory 
conceptions of the value of the work have come into prominence. 
On the one hand, it seems to be the very general opinion of 
high school principals and of others in control of preparatory 
schools that the work in physics is highly unsatisfactory—that 
the amount gained by the student from his study of this subject 
is by no means commensurate with the time and effort expended. 
For example, a man, who has been for a number of years the 
principal of one of the largest high schools in the West, writes 
that his observations on the subject of physics teaching have 
forced him to the unwilling conclusion that physics is the most 
detested subject in the whole curriculum. Another principal of 
similar experience tells us that we surely have lost much of the 
spirit that the subject used to have when it was called “Natural 
Philosophy”—the spirit that compels us to spring from the bath 
and cry “Eureka!” Members of the College Entrance Board 
have also freely expressed the conviction that physics is one of 
two subjects which are in a highly unsatisfactory state to that 
body. Many other such opinions of men thoroughly qualified to 
judge have recently found expression, so that the opinion is 
widespread that somehow the teaching of physics is not as efficient 
as it might be. 

On the other hand, there are many who claim that we have been 
developing the present system with great care and thought for a 


*abstract of an address delivered at the annuaj dinner of the New York Physics Club, 
June 2, 190€ 
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number of years, and that, as a result of this work, physics is 
now taught more efficiently than ever before. There can cer- 
tainly be no gainsaying the fact that we have developed our labor- 
atories and our apparatus in a wonderful way in the past twelve 
or fifteen years, largely under the influence of the Harvard Re- 
quirements and the Report of the Committee of Ten. There 
can also be no doubt that this development has brought with it 
a great deal that is of tremendous value and great importance, 
not only to physics teaching, but also to that of the other sciences. 

Moreover, in support of this second conception, attention is 
called to the fact that there cannot be found a set of teachers who 
are more loyal and devoted to their occupation, or who work 
harder than do these very physics teachers. This fact cannot 
be denied by anyone who has seen how these teachers are organ- 
izing into associations, and who has noted the zeal with which 
they are constantly on the alert for some new idea that will help 
them to make a success of their work. 

If asked to which of the opinions just mentioned I subscribe, 
I do not hesitate to answer “To both.” For the weight of evi- 
dence is in both cases so great, that it is impossible to deny that 
both conceptions are true, each as far as it goes. There can be 
no doubt that we have developed the teaching of physics— 
technical physics, I almost said—to a marvelous degree of per- 
fection. In fact, it seems at times as if we had been so busy 
perfecting our apparatus and methods of teaching physics, that we 
have for the time being entirely lost the art of teaching boys and 
girls. We seem to forget at times that youngsters of the high 
school age are interested primarily in life, in growth, in activities, 
and, as President Hall puts it, in the “go” of things. They are 
not interested then, as they may be later, in principles that have 
been so abstracted, not only from phenomena as they know them, 
but also from all human relationship, that they are stated as in- 
fallible, and are at times even called axioms. 

The conclusion that seems justified, then, is not that the 
physics teaching is not efficiently done; but rather that it is too 
well done; not that it has not been developed well along the 
lines it has laid out for itself; but that it has been carried too 
far in the direction of perfecting its technical side at the expense 
of, or with a total disregard for its strictly human bearings. 
The problem thus seems to be not so much one of inventing a 
new set of experiments, nor yet one of perfecting our apparatus 
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PHYSICS TEACHING 725 
and making it more elaborate and accurate but simply one of 
method of presentation. Can the subject of physics be so pre- 
sented as to have its human bearings evident, both explicitly 
and implicitly? If so, how may this be done? These are the 
questions to which I hope to give a partial answer this evening. 

Perhaps the simplest and most evident method of relating the 
subject to the lives of the students is to base every argument and 
discussion on the experiences of the boys and girls rather than 
on the laboratory experiments. The current method of presen- 
tation begins by stating the general conclusion, and ends by 
showing how this general conclusion enables us to “explain” 
some of the well known daily observations. Great results may 
be obtained by so simple a device as that of inverting this order. 
Begin by raising questions about common experiences ; show that 
some general statement like the law under discussion might assist 
us in relating a number of different experiences; lead up to the 
law, being careful that all the concepts involved in it are grasped 
with some degree of clearness; and then, and not until then, in- 
troduce the laboratory experiment in verification, to as high a 
degree of accuracy as desired, of the conclusion drawn. 

Much interest can be added in this method of presentation by 
tales from the history of science—for the history shows clearly 
that this is the way in which science has developed. The study 
of heat did not begin with a statement of a general theory of 
heat, followed by statements of various laws for particular 
phenomena, with practical applications bringing up the rear in 
justification of the laws. The science of heat grew out of a 
practical necessity of the society of the 16th century. As you 
know, mining was at that time becoming very expensive, because 
the surface deposits of coal and ore had been exhausted and it 
was necessary to go deeper. This was a difficult task in those 
days, because of the impossibility of keeping the mines free from 
water at the greater depth. Treadmills were developed, until 
they sometimes had as many as five hundred horses in a single 
mill. Yet they could not keep ahead of the water. This need 
of society at that time led eventually to the invention of the 
steam engine, and to the theoretical study of thermodynamics. 

In optics, in the same way, in response to a human need, 
spectacles preceded telescopes and the theoretical study of lenses; 
and even in mechanics, derricks, hoists and various “engines of 
war” nay, even triremes and other boats were made before 
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Archimedes told men what the law of the lever was and how 
it was that objects could float on water. Although it is clear 
that the so-called “historical order” cannot be followed too 
slavishly in devising an order of topics, we can, nevertheless, 
learn from history this all-important fact, that science owes its 
origin to certain human needs, which in turn grew out of the 
circumstances of social life and were expressions of desires of the 
human heart. If then, physics is not taught until the high school 
age, might it not be better presented as a response to desires for 
further comprehension and mastery of the practical things and 
phenomena about one? And is it not more in accord with the 
method of science to begin with the experiences and the phe- 
nomena and to lead up to the general conclusion, rather than to 
do—as is generally done—throw the general result at them first, 
and then adduce the experiences in verification? 

But I dare say that many of you have been using the ideas just 
expressed in your work for many years, so that they are not at 
all new to you. Is there no other way in which the human element 
may be introduced into science teaching? Another way appears 
at once, if we can bring ourselves to realize what science really is, 
and what its service to humanity has actually been. In order to 
do this, we shall have to discard some of the ideas on which we 
have been brought up from our cradles. We must recognize that 
our modern science is not in any way a further development of 
Greek and Roman so-called science. Our science is fundamentally 
different from that of the Greeks, and is the great and distinctive 
contribution of the Teutonic races to our modern civilization. 

Many causes have been assigned for the failure of the Greeks 
to develop a science that was in any way commensurate with 
their achievements in other subjects like art, literature, and philos- 
ophy. The most far-reaching explanation of this seems to follow 
from that interpretation of the Greek character and of their con- 
tributions to modern life which sees as their chief characteristics 
a deep feeling for absolute perfection, combined with a free crea- 
tive power of artistic abandon. These were the characteristics 
that enabled them to execute sculptures that have never been ex- 
celled, and to create a literature and a philosophy that stand yet 
among the greatest productions of men. But these very charac- 
teristics which made the Greeks preéminent in other subjects, 
seem to have been the source of their failure in science. Since 
they could not tolerate anything that was not a perfect, artis- 
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tically symmetrical, ideal and absolute whole, their scientific con- 
ceptions must needs also have partaken of this characteristic. 
Hence, no descriptions of phenomena that did not immediately 
“explain” everything completely could be considered by them. 
An approximately correct solution in matters of science was as 
intolerable to a classic Greek as a dogmatic, cock-sure scientist 
is to us today. 

And this, perhaps, brings out as forcibly as is possible the 
ideas which seem to be of such fundamental importance to science 
teachers today. We must see clearly that science neither gives 
nor can give final answers to our queries; nor can she ever lead 
to complete, perfect, or absolute conclusions. The “laws” ob- 
tained by her aid are in every case the interpretation that has been 
put by some man on the phenomena about him. Scientific laws 
are not binding on nature, in the sense in which legal enactments 
are supposed to be binding on the individuals of a community. 
They are, let me repeat, but the interpretations that some human 
man or men have put on the phenomena about them. These laws 
are thus the product of two factors—nature’s action on men, and 
men’s reaction on or interpretation of nature. Hence the laws of 
physics are really certain men’s opinions about the phenomena 
of nature, and they should be so taught to youngsters. These 
latter then perceive that scientific laws are of human origin, and 
they realize that human power may some day be able to alter the 
laws—not by reordaining the ways of nature, but by showing how 
a better or a broader interpretation may be put on her operations. 

In opposition to this point of view it has been urged that young 
people need—nay, must have perfectly definite and concrete state- 
ments to deal with during their high school age. If, for example, 
we tell them that Newton’s laws of motion are but Newton’s in- 
terpretation of the phenomena of motion, and that they may be 
altered some time, the’ youngsters fail to grasp anything clearly 
and with definiteness. It is not, however, necessary to make the 
statement of these laws any more vague and indefinite in one case 
than in the other; and yet it makes a vast difference in the child’s 
attitude toward science whether you tell him that these laws must 
be looked on as physical axioms (Sic!), or whether you tell him 
that they are but human interpretations of the phenomena of mo- 
tion. In both cases he learns the laws as definite concrete things ; 
but in one case they come before him as Divine fiats, to be learned 
by heart, willy-nilly; in the other case, they are seen to be of 
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human origin, and so are felt to be related somehow to men and 
to partake of the frailties of men. 

The difference in the effects of these two methods of presen- 
tation is even more marked if the laws are stated at the end of 
the discussion rather than at the beginning. If we begin by ask- 
ing the students many questions about what they have noticed 
in their experiences in putting things into motion, and if we have 
brought them to see that some such interpretation as that of New- 
ton is both called for and justified, and if we have, perhaps, even 
led them to draw the conclusions by themselves first, then the 
laws, stated as Newton’s interpretation, will appeal to them; and 
they will begin to appreciate the greatness of Newton in being 
able to formulate such far-reaching conclusions. 

We may now comprehend the meaning and the importance of 
this Teutonic conception of science. For if scientific laws are 
human interpretations of phenomena, they must of necessity be 
but close approximations. The Greek would not acknowledge 
this and he refused to work with such, to him, uncertain materials. 
But the German not only acknowledges that the laws are approxi- 
mations, but he also is content to use these approximations until 
better ones are found. Herein lies the power of the Teutonic 
science: for unless we are willing to consider every scientific 
conclusion as an approximation, no growth of science is possible. 
Hence the Greek science did not grow. But if we do look on all 
scientific laws as but close approximations—as expressions of the 
relations that probably would exist if matters were arranged ac- 
cording to somebody’s ideal—and if we also remember that differ- 
ent people may have different ideals, we build a science that has 
endless power of growth. This is what the Germanic races have 
done: this is what every scion of Teutonic blood should both 
appreciate and learn to do. 

The effects on the students of teaching from this point of view 
are both immediate and gratifying. Their young nunds are at 
once freed from the incubus of the axiomatic, dogmatic, and fin- 
ality atmosphere of the usual elementary text ; and there is opened 
before their imaginations boundless territory for exploration and 
investigation. They soon come to believe that they too have some 
chance of doing something for themselves in science, or of in- 
venting something that may be of great value in the world. Be- 
cause of the introduction of these ideas into elementary college 
work, I have repeatedly observed the change of heart that has 
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come over students who have come to college with their imagina- 
tions prostrated from an overdose of finality in the preparatory 
work in physics. Such prostrations are invariably cured, so that 
both imaginaticn and enthusiasm return, by contact with the real, 
vital, life-giving spirit of Teutonic science, as revealed in the 
works of her greatest masters like Galileo, Huyghens, Newton, 
Faraday, Tyndall, Helmholtz, and the rest. 

One of the greatest difficulties in the way of our teaching 
science in the manner just described is the habit of teaching dog- 
matically which we have formed from having been taught that 
way. This habit is the more confirmed because some subjects 
must be taught in this way. Thus in studies in grammar, for ex- 
ample, the dative of such a noun is so-and-so; this fact must be 
learned with accuracy in a certain way; there is no chance for 
human interpretation or imagination to operate. In fact, the 
operation of the imagination in such cases usually works disaster 
at examination time. When science was introduced into the 
schools, it was naturally taught in the same manner as the older 
subjects, Latin, Greek, and Mathematics were taught, namely, 
dogmatically and deductively. But it is now time for us to real- 
ize that science is our process of interpreting natural phenomena, 
and that new interpretations are always possible—nay, more, 
without them we make no progress in the knowledge and power 
gained through science. Hence if young people are to become 
adepts in science, they must be taught how to interpret for them- 
selves. They should develop the habit of making sound inter- 
pretations of phenomena—a habit which can be acquired only 
by scientific study of the right sort. 

There are many other principles which should be considered 
in the development of a proper system of science teaching. I 
have attempted to call attention this evening to the two which 
seem to be especially important because of our frequent viola- 
tion of them in the methods of instruction now current. These 
two are: 1. That science should originate in the individual as 
it did in civilization in response to a pressing necessity of social 
life, this necessity having in turn arisen because of some inner 
motive for the satisfaction of some human need. 2. Modern 
science consists essentially of the method of obtaining conclu- 
sions by approximation, and the conclusions or laws thus obtained 
are human interpretations of natural phenomena. This method 
was invented and developed by Teutonic men, and hence all con- 
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clusions reached by its aid are human productions, subject to 
change at any and every time. If these two ideas are constantly 
applied in our work, science will no longer be lacking in human 
interest ; for it will be found to. have been able to satisfy the hu- 
man needs which called it into being, and will be found also to be 
as much a work of human, free, creative imaginative art as is the 
Iliad, the Venus of Milo, the Madonna of Raffael, or a Wagner 
opera. 





CHEMICAL THEORY IN THE HIGH SCHOOL COURSE. 
By Roy FRYER, 
Of the Sacramento High School. 


[CONTINUED FROM THE NOVEMBER NUMBER 


I see no reason why the law of Boyle and also that of Charles 
may not be omitted altogether from the elementary course in 
chemistry. There are very few experiments where we use them 
in calculations and results almost as good can be obtained without 
them. When pupils are required to apply these laws to experi- 
ments, the added complexity will often cause them to lose sight 
of the point of the experiment. This objection may not hold 
so well in those schools where chemistry is taken after physics. 
Unless this be the case both may well be postponed. Should 
one wish to perform an experiment involving calculations based 
upon these laws, their formula could be used without any at- 
tempted explanation of their action. Bradbury in his recent text- 
book adopts this method, these laws being placed in the appendix, 
where they can be referred to when necessary. 

The natural place for the periodic law is the last of the course 
when the properties and relations of the most important elements 
are well understood. The pupil now sees that they have been ar- 
ranged according to law. He sees that the periodic law is the 
best classification which can be made, and the similarity of the 
elements studied together is proof of the truth of the law. It now 
presents many wonderful features to the student, especially in 
its relationship to the discovery of new substances. It adds an 
interest to the work which has been covered when he sees the 
system with which all of the elements fit into one another, and 
forms an agreeable conclusion to the work which he has done. 

We can not well give a year of chemistry without something 
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of the atomic theory. Its conception marked the beginning of 
modern chemistry and we now believe it almost as thoroughly 
as we do the facts of chemistry. Its history and its many appli- 
cations are important to us, but there are some things in con- 
nection with it which are utterly useless in high school instruc- 
tion. 

Many things appear self-evident to us which are not intelli- 
gible to a pupil. A topic can not be made too clear to him. He 
may have the appearance of understanding and perhaps thinks 
he does for a time, but it need occasion no surprise if at any 
time he shows that he knows little or nothing about it. 

So in presenting the atomic theory the simplest presentation 
we can give is the best. The average pupil who thoroughly un- 
derstands everything in regard to the atomic theory at the close 
of a high school year, as he found it from whatever text-book 
treats it most fully, three months later will in all probability re- 
member only its barest details. He will remember that there is 
supposed to be such a thing as an atom. He will have some idea 
of the grouping of atoms to form molecules. He will probably 
know also that each atom is assumed to have a definite weight. 
He will probably recognize Avogadro’s hypothesis as something 
he has met before but will be utterly unable to tell anything fur- 
ther about it. 

The points which he remembers are those which served to 
correlate his work, and hence were impressed on his memory 
most forcibly. Beyond the elementary points which he will re- 
member, I think there is no text-book written in a style clear 
enough to give the pupil a good conception of what it attempts 
to explain. His reasoning powers are not yet sufficiently devel- 
oped to understand these processes as they are described. He 
is helpless and independence is discouraged rather than promoted. 
Explanations fall upon the teacher and after considerable time 
he is finally made to understand the various methods of obtaining 
atomic and molecular weights. But they are dry to him, they 
do not produce a deep impression and are soon forgotten. A 
feeling of relief comes to him when he is through with them and 
again into some part of chemistry which he can enjoy. 

This being the case, what good reason is there for the spending 
of time upon the vapor density method, the boiling and freezing 
point method, the relation between specific heat and atomic mass, 
or any other way of determining atomic or molecular masses. 














732 SCHOOL SCIENCE AND MATHEMATICS 


These are important and have their place, but there are other 
topics much more important to the chemistry pupil at this time. 
A few simple facts in regard to the atomic theory serve to ex- 
plain the laws of definite and multiple proportions, of combination 
of gases by volume, of conservation of mass, of valence, of isom- 
erism or to make any of the applications we usually make of it. 
Anything beyond this is useless at this time. Given in the sim- 
plest way it may come early in the course and we may lay as 
much stress upon it as we please without fear of going beyond 
the minds of the pupils. 

Occasionally there is an exception to what has been said. A 
thoughtful pupil will ask why atomic weights are not the same 
as equivalent weights or how atomic weights have been deter- 
mined, before his attention has been directed to it. Of course 
such a pupil should be encouraged. His mind is in advance of 
the average and if all were of this character chemistry teaching 
might even become more complex than it is at present. But it 
is to the pupil below the average that our attention must be 
mainly directed; those above the average under normal condi- 
tions will take care of themselves. 

There remains the theory of Ionization or Electrolytic Disso- 
ciation. This theory, notwithstanding its rapid rise and almost 
universal adoption is still in a somewhat unsettled state. I know 
of no better way to present it to you than by giving the opinions 
of some who are well qualified to judge it. 

Professor Jones of John Hopkins says in the preface of his 
“Elements of Inorganic Chemistry” : “Take the theory of Electro- 
lytic Dissociation, which to-day is as well established as many of 
of our laws of nature. It has shown us that it is the ions and 
not the atoms which are the active agents chemically. If the 
student is taught the contrary in the early stages of his work, 
later this must all be unlearned and we know how difficult it is 
to correct first impressions. If we ask the question, why continue 
to teach chemistry from a purely atomic standpoint after it has 
been shown not in accord with facts, about the only answer is 
that it is perhaps a little simpler than the chemistry of ions. This 
reply must on reflection be regarded as highly unsatisfactory. 
If a student can form a conception of an atom as the smallest 
indivisible particle of matter, would it be very difficult for him 
to form a conception of an atom carrying an electrical charge? 
Indeed it would be no more difficult than to add to the conception 
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of a piece of metal the charge which it carries when electrical 
energy has been supplied to it, and we do not hesitate in physics 
to ask him to take this step. Further, since we know that it 
is the ion and not the atom or molecule is the factor which enters 
into most chemical reactions, we should insist upon it. because 
it is true.” 

Professor Jones does not change ony of the older theories ex- 
cept as would naturally follow from the adoption of this theory. 
Other writers of recent high school text-books as Newell or 
Hessler and Smith while not making a pretense of basing their 
works upon this theory as does Professor Jones, treat it about 
as fully. 

In order to show that their belief is not yet universal, I will 
quote from an article written by Professor Louis Kahlenberg of 
the University of Wisconsin: “In the face of the enthusiasm 
shown by the adherents of the dissociation theory and the vol- 
uminous material they have published, it is no wonder that teach- 
ers are often made to feel that they are entirely behind the times, 
unless they teach their chemistry, with the theory of electrolytic 
dissociation as the backbone of it, and in general explain the 
chemical, physical, and physiological behavior of solutions from 
the standpoint of the dissociation theory. But the teacher of 
secondary schools was not alone in this; university professors and 
other investigators of note in physics, chemistry, and physiology 
were looked at askance and even pitied because they could not 
see what Lothar Meyer called das wild Heere der lonen and fol- 
low them in their gambols. There are now at hand abundant 
well established facts that show that the theory of electrolytic 
dissociation is entirely inadequate, in reality untenable. * * * 

“The teacher who has not hitherto seen fit to bring the theory 
of electrolytic dissociation to the notice of his pupils, certainly has 
no good reason for doing so now, for he can not be classed as 
being behind the times if he omits mentioning the theory.” 

In reply to a question from this association as to what promi- 
nence should be given to the study of the ionic theory, Professor 
Stillman of Stanford University has said: “The theory of elec- 
trolytic dissociation should be elucidated in so far at least as nec- 
essary to explain the common reactions of acids and bases and 
the common reactions of salt solutions. I do not think it prac- 
ticable to consider it in an elementary course from a quantitative 
point of view (velocity, electrical charges, etc.).” 














734 SCHOOL SCIENCE AND MATHEMATICS 


To a similar inquiry addressed to the University of California, 
Professor Blasdale has answered: “The introduction of the ionic 
theory we consider inadvisable unless the instructor has a com- 
prehensive knowledge of the subject and unless he is firmly con- 
vinced that he can materially add to his students’ understanding 
of the chemical phenomena by doing so.” 

Without giving any further views on the subject we already 
have sufficient reasons for treating the theory in almost any way 
we see fit. I have quoted four distinct and different opinions 
substantially, as follows: (1) We can base all our chemistry on 
it because it is true. (2) We can use it with moderation for 
the purpose of explaining common reactions. (3) We may omit 
it if we feel that our own knowledge of it is not comprehensive 
or if it does not materially add to the students’ understanding of 
chemical phenomena. ((4) We may omit it entirely because 
it is untrue. 

I shall not attempt to establish any of these opinions and will 
only add some personal views on the question. The theory is 
now taught in our two universities as it is in most of the leading 
ones. Therefore any work we do upon it if done in the proper 
way is directly in line with the work of those who continue their 
study of chemistry. Owing to the general belief in the theory 
and owing to the fact that the student who does further work in 
chemistry will use it, it should be given some attention, but the 
pupil should be made to fully understand that it is a theory and 
can not be proven or disproven by facts. 

In treating it we should follow much the same method as 
that used in the atomic theory. With the atomic theory time 
spent upon an extensive study is unnecessary so here any dis- 
cussion beyond the statement of the theory itself and the appli- 
cations of it to electrolysis, solution, reactions, or any other com- 
mon processes which it explains is out of place. Just this will 
probably be sufficient to call into play the patience and tact of 
the teacher, as, like theory in general, it can not be grasped by 
the average pupil from reading text-books but must be elaborated 
and discussed at length before it is made clear. It is offered 
as a simple explanation of certain phenomena, but it is an expla- 
nation which itself may need to be explained before it can he 
made to affect the pupil. However if its application to the sir:- 
ple processes is made clear the pupil who studies chemistry fur- 
ther should find this knowledge useful to him, and he will have 
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an opportunity to study it more deeply. The pupil whose chem- 
istry ends with the high school will not have spent much time 
upon a topic for which he would probably find no future use. 

In concluding that course is best which contributes most to 
general information and culture by acquainting the pupil with a 
wide range of chemical facts, while at the same time it trains 
his powers of observation and of reasoning from those observa- 
tions. This course should include the fundamental principles 
but not the more complex ones of theoretical conception. This 
will well serve as a college preparation if the teacher is well in- 
formed, and if he correlates the various parts and emphasizes 
fundamental principles by sufficient applications. Method of 
teaching is far more important than the subject matter itself. 
Professor Talbot of the Massachusetts Institute of Technology 
states that with such a basis the college instructor can develop 
the more advanced theories and conceptions knowing that the 
pupil can draw upon his own fund of knowledge for instances 
in which these abstract conceptions find application. 

Readers of papers for this association were asked to be con- 
structive rather than destructive, to suggest changes for the bet- 
ter rather than to attempt to destroy present standards. 

With this aim in view I will just call your attention to Lassar 
Cohn’s “Chemistry in Daily Life” with which you are probably 
all familiar. It is nearly the size of the average high school 
chemistry. It treats of all the common chemical processes which 
occur in our bodies, in nature, and in manufacturing, but without 
any attempted explanation of chemical theory. It is not a text- 
book and was not written as such. Yet it presents a great many 
features which a text-book might adopt. In fact, with a few 
changes a good chemical course could be based on this book. 
There would have to be suitable laboratory work to accompany 
it. Some chemical theory could be added where it would seem 
to aid the work, but the amount introduced would need be but 
little. Such a course would certainly be instructive and useful. 
At any rate, the subjects discussed by this book as it now stands 
can well occupy some of the time we ordinarily devote to chemi- 
cal theory. 
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INDUSTRIAL EDUCATION IN SECONDARY SCHOOLS. 
By W. E. Hicks, 
Assistant Superintendent of Schools, Cleveland, Ohio. 


In the research for truth in the solution of many problems of 
life the point of view assumed by the investigator is an essential 
element. Instructors in mathematics demonstrate theorems from 
more than one construction, and those of you who deal with the 
atom and the molecule reach conclusions only after repeated ex- 
periments. The female figure on the bill boards that, whichever 
way you approach, stares at you, is but an unnatural advertising 
device. The suave man “who is the same thing to all people” is 
deemed too politic to possess the sterling qualities of manhood. 
Humanity looking heavenward, under the inspiration of the fun- 
damental Word of God, have so differed in their point of view 
that churches of many creeds dot the land of the free and appeal 
to the heathen in his serfdom. It is human, then, and perhaps 
pardonable as well, that advocates of industrial education con- 
flict in statement when secondary schools make free to give in- 
struction in the arts and crafts. 

Be that as it may, the high school is the institution of the com- 
mon people. Its policy is democratic and its purpose to serve 
the best interests of the whole community. Today there are three 
leading types—the “literary” high school, the “commercial” high 
school, the “manual training” high school. In some cities these 
three distinct types of schools have been completely differenti- 
ated by providing independent organizations, separate buildings, 
and unlike courses of study. In many cities, however, there are 
pretty fully developed literary high schools, with only partially 
developed departments taking the place of a manual training 
high school and a commercial high school. 

In his annual report of 1905 Supt. Addison B. Poland, 
of Newark, N. J., made the following recommendations that ex- 
press clearly the views of men who direct the educational depart- 
ments of the larger cities: “It is unfortunate, in a way, that 
these distinct types of schools should ever be combined. Nothing 
but a present necessity will justify it. Experience has proved 
beyond a peradventure that each iype of school is best developed 
when separately housed and independently organized and con- 
ducted. The reasons for such separation may be briefly stated 


as follows: 
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1. “When schools of different types are housed together and 
managed by a single principal and faculty one type is likely to 
overshadow and dwarf the other through the conscious, or it 
may be unconscious, preference of its management, 

2. “The building and equipment of schools of the different 
types are quite unlike; if the one is favored, the other is likely 
to suffer from inadequate equipment and maintenance. 

3. “The pupils of a school of a mixed type do not possess the 
same esprit de corps as when isolated and when. each is required 
to work out its individual characteristics.” 

In these days we are not discussing the educational value of 
manual training or the importance of it to the individual, the 
school, or the community. We are, it is hoped, giving effective 
consideration to plans for perfecting the establishment of indus- 
trial training on the best and most permanent foundations. 

Granting the point of view of Dr. Poland to be correct and 
representative of educational men of authority, we may next in- 
quire concerning the point of view of men who have been privi- 
leged to organize and manage manual training high schools. 
What are the characteristics of such schools? 

There is no better argument than that published in the proceed- 
ings of the Society for the Promotion of Engineering Education 
at its meeting held in New York, July, 1900. Speaking of the 
manual training high schools this report goes on to say: “These 
schools need not here be described in detail. Suffice it to say 
that they are intended for boys from fourteen to eighteen years 
of age, and they offer three or four years’ courses. The time is 
divided equally between manual exercises, drawing,and laboratory 
work on the one hand and regular academic class work on the 
other. No pretense is made of fitting for particular employments, 
and in point of fact but a very small percentage of their grad- 
uates become and remain artisans. A very large proportion of 
them go into higher education, a majority of these very naturally 
taking the engineering courses. 

“The arguments for these schools are: first, that they draw 
at present their students very largely from those who otherwise 
leave school altogether at about the age of fourteen or earlier; 
and second, that for a very large proportion of city boys this is 
at present the best kind of school they can attend at this age, no 
matter what they expect to do subsequently. For boys who expect 
to follow any industrial or commercial vocation, and who have 
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grown up with little manual culture, as is the case with most city 
boys, the manual training school offers real and permanent ad- 
vantages. Here, the whole boy is sent to school and not merely 
his head, as Dr. Woodward has so tersely expressed it. 

“While these schools cannot be called industrial, since they 
fit for nothing in particular, they belong to the industrial class 
because the graduates from these schools are well fitted to go at 
once into any practical trade or business and learn it quickly and 
effectively. 

“The boys from these schools are not too old or too lofty to 
enter the industries in the most humble positions ; in this particu- 
lar they have some advantages over the graduates of our high- 
grade engineering schools. While many of them begin as ar- 
tisans, they soon come to be foremen, draughtsmen, salesmen, 
superintendents and the like, so that a census taken at any time 
will show very few of them in the artisan class. This fact, 
which is greatly to the credit of such schools, is frequently cited 
by shallow critics in disparagement of them; on the other hand, 

_it has also gained for them the logical support of the artisan 
class who, at first, were inclined to oppose them. Your com- 
mittees are in substantial accord, therefore, in their belief and in 
their support of the manual training schools as now organized 
and operated. They would like to see these multiply until every 
boy can have the opportunity of obtaining this kind of edu- 
cation free of charge. The work should be adapted to girls as 
well as to boys. Thus, for girls, cooking, domestic economy, 
sewing, dressmaking, etc., are introduced to offset the shop- 
work of boys. Whenever manual training is made a fixed part 
of the public school system, however, they most earnestly recom- 
mend to our public school boards a further development of the 
system to include manual training and art education as a part 
of all public school education, from the kindergarten through 
the high school.” 

To be more specific, the division of time in a course of study 
of a leading manual training high school is given. In the first 
year 10 hours per week are given to academic studies and 25 
hours to mechanics. In the second year 15 hours to academic 
and 22% hours to mechanics. In the third year 20 hours to academ- 
ic and 12% hours to mechanics. In the fourth year 25 hours to 
academic and 12% hours to mechanics. Thus a little more than 
one-half the time of the whole period is given to mechanics. The 
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evolution of manual training to the point of absorbing one-half 
the student’s time, thus requiring all day sessions, has not gone 
forward without some objections, it must be confessed. Some 
academic studies very valuable in themselves must be denied the 
student of a strictly manual training high school course. 

It remains to call your attention to still another point of view 
pertinent to this subject. While investigating manual training 
schools in Chicago recently I spent a day with a cousin, A. W. 
Shaw, who is editor of the magazine System, a publication the 
size of McClure’s and having a circulation of 60,000. A phenome- 
nal growth has rewarded the efforts of the enterprise and its 
scope of activity is with the great commercial and industrial de- 
velopment of these days. Its skilled and trained men have been 
called into an intimate knowledge of the business and the needs 
of the immense manufacturing, wholesale, banking and transpor- 
tation companies, and they have written for definite knowledge 
in the columns of the System magazine. Moreover, a special 
corps of editors have prepared six new text-books dealing with 
commercial and industrial information. Even with nearly one- 
third, if not more than one-third, of our young people of high 
school age now attending private commercial or trade schools, 
this demand for still more complete information on such sub- 
jects as “Selling,” “Business Correspondence,” “Credits and Col- 
lections,” “Organizing a Factory,” “Cost of Production,” “Buy- 
ing,” etc., appealed to me as strong evidence of the trend of the 
public demand. , 

Mr. Shaw in the educational development of System has asso- 
ciated with him professors at Universities of Michigan and Col- 
umbia, and recently closed arrangements with others at Oxford, 
England. In the March number of System there appears the 
first of a series of articles on “Training the Armies of Business 
and Industry,” by O. M. Becker. In the course of this, he says: 
“There are three sources from which to draw skilled mechanics. 
Europe, trade schools and possibly other industrial schools, and 
the industrial plants themselves. So largely have we drawn upon 
Europe for skilled men, mechanics trained in the excellent tech- 
nical or trade schools there so common, or in the shops them- 
selves through the still prevailing apprenticeship system, that it 
is scarcely proper longer to speak of the American mechanic, so 
completely are the crafts dominated by men foreign to our soil. 
3ut this supply is limited, and with the increasing industrial de- 
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velopment of Europe it will have a decreasing surplus to give us. 

The second source of skilled workmen, the trade and other 
industrial schools, are so few in number compared with the need 
and those in existence are for the most part so ill adapted to the 
requirements of modern industrialism, that little relief is afforded 
by them as yet. The average trade school is organized after the 
ideals of the educator rather than according to the practical needs 
of the time, and does not meet the situation squarely. Less than 
half a dozen of these schools make the learning of a trade under 
‘approximately the conditions that prevail in the average commer- 
cial shop the primary object, and the acquisition of “book learn- 
ing,” theory, and mere dexterity of secondary importance. Book 
learning and training are excellent, and sufficient unto them- 
selves as far as they go. But they are not the things that makc 
good mechanics and good shop foremen, which is the prime rea- 
son for the existence of such schools. They serve a good pur- 
pose in that the period of practical experience in the shop neces- 
sary to round out a mechanic is somewhat shortened. But they 
are not really what our American boys most want or most need.” 

Coming directly to the question of instruction for the appren- 
tices he goes on to say that the amount and kind of instruction 
that is to be offered in addition to the practical shop exercises 
is an open question, whose answer depends somewhat upon the 
restrictions governing the selection of apprentices. Manifestly 
high school graduates should require little, if any, instruction 
in those academic branches a knowledge of which is necessary to 
a well equipped man and mechanic. A proper requirement for 
such would be mechanical drawing and theoretical mechanics. 
Graduates of grammar schools, and those of less attainment, ob- 
viously require some academic instruction in mathematics, draw- 
ing, and the laws of physics, to become properly equipped me- 
chanics. 

A good pattern maker, for instance, must know somewhat of 
mathematics, a machinist of physics, and both somewhat of 
drafting—and similarly in other trades. In particular branches 
of trade, as electrical workers, for example, other subjects are 
essential. 

The method of securing such instruction is various, where it 
is given or required at all. European industrialists are consid- 
erably in advance of us, in that they have for some time recog- 
nized the value of this sort of education, and have taken steps 
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to secure its advantages. Some have arranged with existing 
educational institutions for night instruction of their apprentices 
in predetermined subjects. The courses are free or obtainable 
at a nominal fee, and attendance optional or compulsory, accord- 
ing to the peculiar point of view of the employer. In some in- 
stances where attendance is required a time allowance with pay 
is granted, partly covering the time spent in study classes. 

The nearest advance we have to this method in America is the 
schooling of the building trades apprentices in Chicago. Until 
recently the Central Council of the Building Trades Unions had 
an arrangement with the Chicago Board of Education whereby 
the union apprentices (who included practically all in the city) 
attended a school carried on by the board, and under the princi- 
palship of a practical architect and builder. The boys were 
obliged to attend during the three winter months the school was 
in session, receiving the usual pay from their masters during the 
time. More recently this school has been discontinued, and the 
apprentices are distributed, under a similar arrangement, among 
the several city schools giving instruction in the courses out- 
lined for these boys. 

Few American masters of apprentices have cared to go fur- 
ther in the matter of such collateral instruction than to require 
attendance upon free night school courses. Some undertake ta 
pay for the tuition in certain required courses if taken at speci- 
fied schools, as is done by the George V. Cresson Company, at 
Philadelphia, which also fines apprentices for absence from 
classes while taking the designated studies. The most usual 
plan is that of the Brown & Sharpe Company, which encourages 
but does not require its apprentices to take courses in specified 
subjects, in the free evening schools. The Westinghouse appren- 
tices are encouraged to attend a school under the patronage of 
the company, and rather more than fifty per cent of them do 
so at their own expense. 

Summing up the practical experience of the successful masters 
of apprentices, both European and American, these considera- 
tions may be taken as fundamental to any rational and efficient 
system : 

Admission of boys somewhat mature and equipped with the 
equivalent of a grammar school education, at least. 

An indentured period as short as consistent with the proper 
learning of the trade. 
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Suitable supervision and careful instruction in the practical 
work of the shop and in the related academic and theoretical 
subjects. 

Recognition of progress and adequate rewarding of merit and 
previously acquired experience and knowledge. 

Payment of fair and even generous wages. 

These three distinct points of view may be considered to form 
a triangle, at the center of which the ultimate truth of public 
duty in industrial‘ education may be found. All views appear to 
be in accord in the belief that manual training is eminently phil- 
osophical and rational ; that it turns away from the abstract study 
of symbols to the study of things; that it does open the doors to 
the various active pursuits in which men engage; that it enables 
the boy and the girl to find his or her place in the social, business, 
industrial and professional world. 

A more critical inspection to find the center of this triangle 
reveals other essential lines of agreement. All state that the boy 
finishing the elementary school is poorly prepared for intelligent 
service in shop or office; that English, science, and mathematics 
of the high schools are important alike either in trade or orna- 
mental schools; that trained, broad-minded gentlemen must pre- 
side at the shop as well as at the school desk; that the product is 
to be more than a machine piece worker 





even a director, super- 
intendent and master of many forms of mechanics; that mechani- 
cal drawing has an intimate correlation with shop training; that 
efficiency and aptness for industrial occupations be a basis for 
graduation and promotion. In fact, a calm reflection brings a 
conviction that these commonly supposed antagonistic views are 
after all in their last analysis quite as much in unison as it is 
reasonable for them to be. 

The educator has yielded up the separate organization and 
abundant maintenance and dignifies the character of industrial 
training when he writes and speaks, and encourages more and 
more those excursions of students to factories and foundries 
that real contact with life activities may be the better under- 
stood ; they court strenuously such an intimacy between industry 
and the school as they now sustain with the parents of the home. 

The manual training school has placed many of its old models 
on the shelves and is destroying others. It has abandoned joints, 
as such, and it rejoices more and more in the construction of com- 
pleted articles, taking kindly to the inspiration that comes from 
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personal contact with the workman from the shops. It will not 
sacrifice the lessons in accuracy, tool training, and skill, but is 
zealous in teaching them in a new form. 

The industrial classes see a future for their boys and girls 
who are trained for the highest positions the great companies de- 
mand and the largest home life. They wish them to be more 
than mere machine feeders—mere automatons. 

The factory owners who wish men trained only for their spe- 
cial lines realize that the public is not justified in giving special 
courses at public expense, and their co-operation in securing a 
good product of the best manual training schools is natural and 
sane. They will help sustain more abundantly the larger in- 
dustrial courses. 

Although the main features of the Manual Training High 
School are fully established, these points of view make its course 
of study still somewhat provisional. Modifications which expe- 
rience has shown to be desirable will be made to strengthen it and 
give it greater flexibility. It is not a trade school, yet it has the 
essential elements of one. It is not an institution peculiarly 
adapted to students of any particular class or social condition. 
It encourages industry, and opens wide the avenues to success, 
usefulness and happiness. 

Carlyle says. “The one monster in the world is the idle man.” 
If this is true, how fortunate is the child reared in rural dis- 
tricts where industry invites the natural impulse of the child to 
work. Manual training is an outgrowth of congested communi- 
nities. The crowded city that denies its youth, in these times, the 
opportunity for motor activity in some form is eminently perni- 
cious in its economy. 

To introduce manual training in secondary schools in a half- 
hearted manner on an elective system with cheap and limited 
equipment may have been sensible as a beginning. It was well 
enough during the argumentative and experimental stage of 
manual training in public schools. All cities may not have a 
public sentiment and an abiding interest that will warrant its in- 
troduction on so broad a footing as Muskegon, Mich., where 
all boys and girls of the 8, 9, 10, 11 and 12th grades are required 
to take 10 hours of manual training each week of the school year. 
But the progressive example of Muskegon is significant, and it 
is no idle forecast to say that regardless of the different points 
of view of men who educate our young people, industrial edu- 
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cation will ultimately occupy its merited place as a permanent and 
essential factor in the training of all sceondary schools. 

When the problem of making a Manual Training High School 
course which shall be adequate to the needs of our times is 
solved, when the still more difficult problem is solved of select- 
ing for each pupil the line of work that will best enable him 
to realize his best self and make the best adjustment of that self 
with society, there still remains the crucial problem of the whole 
matter, the securing of material and discriminating teaching. 
This is the final solution of the whole difficulty. We may perfect 
courses of study to our heart’s content, but until masters teach 
the courses there will be neither extension nor intention in any 
of our school work. 





A BELL SYSTEM ON 220 VOLT MAINS. 
3y P. G. AGNEw, 
Washington, D. C. 


The care of a bell system often falls to the lot of the physics 
teacher ; and many must have felt the annoyance of keeping a num- 
ber of primary cells in order, particularly if the number of bells 
tapped off in parallel becomes large. Series connection also has 
its troubles. Dead resistance alone added to a lighting circuit 
cannot be used on account of the heavy spark at break in the high 
voltage inductive circuit. 

A couple of years ago I made use of the following scheme, 
which proved satisfactory. 

A No. 16 iron wire was brazed to a bell armature and the bell 
mounted by a single screw on a wooden mount. The bent end of 
the wire acted as interrupter by its end resting on a heavy iron 
plate on open circuit, and being drawn away on closing the cir- 
cuit ; the iron plate was attached to the base of the wooden mount. 
This formed the interrupter for the whole system. It was im- 
mersed part way in kerosene in a battery jar, in order to “douse” 
the spark at break. The desired frequency was obtained by ro- 
tating the bell frame around the screw as axis. 

The current was cut to the proper value by an electrolytic 
rheostat, the adjustment being made by adding sulphuric acid 
drop by drop to distilled water. (Ordinary tap water, for some 
reason, gave trouble from change of conductivity.) 
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The interrupter of each bell was short circuited, making them 
all repeaters. The apparatus as shown was connected through 
teh bells in series to the 220 volt lighting circuit. The system was 
operated by a Frick clock. As the bells, about fifteen in number, 
were a heterogeneous collection, each one was tuned to the fre- 
quency of the interrupter by adjusting the spring and the ampli- 
tude of the armature. Two or more independent series were 
found to work well on the same interrupter. In use the kero- 
sene is volatilized at the contact points and raised to a bright 
incandescence. At first a platinum wire was used against a plat- 
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inum foil but the latter quickly burned out the under oil. The 
heavy iron was entirely satisfactory. The kerosene gradually 
carbonizes and should be renewed once a year or so. 

The arcing in the clock break was much less than in the former 
system when the bells were in parallel on a 15 volt battery. 

A curious phenomenon was noted in that the end of the iron 
wire acquired a glass-hard temper. 

It may be well to add that the wiring should be standard in 
order to conform to the underwriters’ requirements, though it 
would actually be safe if two rheostats were used, one on each 
side where the mains are tapped. 
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SOME AGRICULTURAL PRODUCTS OF THE TROPICS. 
By Met T. Cook. 


Chief of the Department of Plant Pathology of the Cuban 
Agricultural Experiment Station. 


Ill. Corree. 


Probably no agricultural industry of the tropics presents greater 
beauty and fascination than coffee growing. Coffee is among 
the oldest of cultivated plants and its early history is practically 
unknown, It is supposed to have come originally from Abyssinia, 
where the natives have used it from time immemorial and some 
authorities claim that it was used in Arabia as early as 875 A. D., 
but another account says that it was brought from Abyssinia to 
Arabia in 1566 by Sheikh Djemaledden-Ebn-Abon-Alfagger, a 
tribal chief, who was noted for his wisdom and piety. Its ten- 
dency to cause wakefulness made it a very popular beverage 
among the Mohammedans in their religious festivals but also 
caused a great opposition to its use by the more orthodox who 
considered it an intoxicant and therefore a violation of the Koran. 
However its use spread gradually and coffee houses were estab- 
lished in Constantinople about the middle of the 16th century. 
Here the great opposition to its use caused the Sultan to put an 
importation duty upon it but to no avail. 

About one hundred years later it was introduced into England 
by Mr. Edwards, a Turkey merchant, who established a coffee 
house in St. Michael’s Alley, Cornhill. The increased popularity 
of the beverage created the same opposition as in Turkey and 
efforts were made to suppress it, but despite all opposition its use 
spread rapidly throughout all Europe. At first the entire supply 
came from Arabia but about 1690 it was introduced into the 
Dutch East Indies. The first plant was sent to the Botanical 
Gardens of Amsterdam and from there seed were distributed to 
other colonies and countries until it was said that the greater 
part of the coffee crop of the world had this one tree as its 
ancestor. 

It was first introduced into the West Indies about 1719 and 
eventually became the most important crop of the islands. From 
the West Indies its cultivation spread throughout Mexico, Cen- 
tral America, and South America and at the present time, Brazil 
produces about 70 per cent or 75 per cent of the world’s output 
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while the production of East India coffee has been greatly de- 


creased. 
In 1780 the French immigrants from Hayti, most of whom 
were coffee growers, caused a great increase in the coffee produc- 


COFFEE PLANT. 
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tion of Cuba and it became the leading industry of the island. 
Since 1850 it has gradually decreased, due to the production in 
other places-and the demand for the land for sugar growing. 

Coffce belongs to the family Rubiacez and the genus Coffea. 
There are at least seven Asiatic and fifteen African species. The 
greater part of the coffee of commerce is C. arabica Linn. but C. 
liberica Hiern. is also grown to some extent. It is a typical 
tropical undergrowth or shade plant and is always grown in the 
shade. In a wild state it frequently grows twenty feet in height. 
Under cultivation it is pruned to six or seven feet, which causes 
excessive branching and keeps the fruit within easy reach. It is 
usually grown in mountainous districts where the temperature av- 
erages about fifty-five degrees Fahrenheit. It is one of the most 
beautiful of agricultural plants. The leaves are a bright shiny 
green and the flowers are showy white and borne in clusters in the 
axils of the leaves. The fruit is a berry containing usually two 
grains placed with the flat surfaces in contact. When ripe these 
berries assume a bright red color. A tree will begin bearing at 
three years earlier and will prove profitable until fifteen years 
of age. The life of a tree is estimated at twenty or thirty years 
but trees frequently live twice that long. 

As previously stated coffee is always grown in the shade. A 
tall open topped tree is the best for this shade but most planters 
prefer a plant which is of some economic importance and for 
that reason, coffee is often grown in connection with bananas 
or oranges but more frequently with Cacao. 

Coffee is harvested by hand and requires a great deal of cheap 
labor to,make it a profitable crop. 


TV. Cacao. 


The Cacao is one of the many valuable plants given to the 
world by the discovery of America. It belongs to the family 
Sterulacez and to the genus Theobroma of which there are nine 
or ten species. The most important species are T. cacao Linn., 
T. pentagona, T. specioso, T. angustifolia, and T. bicolor. T 
pentagon is grown to some extent but is not so valuable as T. 
cacao. T. bicolor has a nutty flavor and is used to some extent 
in confectioneries but is not manufactured into chocolate or cacao. 
The other species are of little or no commercial value. T. spec- 
iosa is usually spoken of as the monkey cacao. 
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Theobroma cacao, the cacao (or cocoa) of commerce, is a 
native of Mexico, where it was grown by the natives long before 
the discovery of America. It is now cultivated in Mexico, Cen- 
tral America, northern part of South America, and the West 
Indies. It requires rich soil and moisture and must be protected 
from storms by means of wind breaks. 

Under cultivation the trees rarely attain more than sixteen or 
eighteen feet in height. The leaves are large, smooth, oblong and 
accuminate. The flowers are small, rather inconspicuous, and 
borne in clusters on the trunk and branches. The fruit is a pod 
varying from three to ten inches in length and with a yellowish, 
hard, thick, fleshy covering. There are five chambers which con- 
tain from twenty to forty seeds. These seeds are embedded in 
a pink, acid pulp. They are the part from which the chocolate 
and cocoa of commerce are made. 


V. CASSAVE. 


We are not accustomed to think of the family Euphorbiacex 
as being a family of great economic importance and yet it in- 
cludes two genera which are of great value in commere. Mani- 
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hot, a starch plant, and the Ricinus, a castor oil plant. The 
headers of ScHoot SCIENCE AND MATHEMATICS are familiar with 
the latter of these two genera. 

The genus Manihot contains about eighty species, mostly of 
Brazilian origin and of which M. utilissima and M. cassava are 
of the greatest commercial value. It grows five or six feet in 
height and has large, palmately lobed leaves. The valuable parts 
are the very large fleshy roots, which are produced in enormous 
quantities. It is grown from cuttings and requires but very little 
cultivation. The soil is roughly prepared and the cuttings put 
in place and allowed to grow with very little care. The roots 
are used in the manufacture of starch and tapioca and also as 
a‘local food product. .Lhey contain a very poisonous substance 
and must be used for food and stock feeding with care, but heat- 
ing destroys this property. « 

At the present time it is. one of*the important foods of the 
tropics: and its importance will be greatly increased by its value 
as a stafch producer. 


VI-* MALANGA ‘oR Taro. 
The family Araceze contains a number of economic plants and 


also a number of ornamental plants such as Arisaema triphyllum 
or ‘Indian turnip,’’ the Richardia africana or Calla Lily, the Ac- 
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orus calamus or calamus,’’ and the Caladimus. Still another, 
Colosasia esculenta, is one of the important food products of the 
tropics where it is known under a variety of names such as Mal- 
anga in Cuba, coco in Jamaica, eddo in Barbadoes, tannia in 
Trinidad, taya in the French Islands, oto in Panama and tiquis- 
quis in Nicaragua. The plant very much resembles the orna- 
mental Caladiums except that the leaves are erect instead of 
drooping. It is raised in great quantities and the tuberous roots 
are used very much like potatoes. 


VII. Sweet Porarto. 


This plant, Ipomoea batatas, belongs to the morning glory 
family, Convolvulacez, and although not strictly a tropical plant 
it reaches its greatest development in the tropics and in the 
warmer parts of the temperate zones. In the southern United 
States it is cultivated with much greater care than in the West 
Indies, where it frequently runs wild. In Cuba and Porto Rico 
it is grown from pieces of vines which are half buried in the 
soil and left to grow with little or no cultivation. There is no 
regular time for digging and in fact the vines are allowed to 
grow indefinitely and a few roots taken at a time without injuring 
the plants. Very little attention is given to selecting varieties or 
otherwise improving the quality or quantity. It flowers abun- 
dantly and frequently produces seeds. 


VIII. Yams. 


This name is frequently incorrectly applied to the sweet potato 
but belongs to an entirely different family, Dioscoracee. Several 
species and many varieties are grown to a greater or less extent 
throughout the tropics and are capable of being developed into a 
very important crop. At the present time they are used ex- 
tensively for food. They are planted in ridges and the vines 
run on poles to prevent their taking root at the many nodes which 
would otherwise come in contact with the soil and cause the 
production of a larger number of small roots instead of a few 
large ones. 
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GROUP THEORY FOR TEACHERS OF ELEMENTARY MATHE- 
MATICS. 


By G. A. MILLER, 
University of Illinois, Urbana. 


At the fifth annual meeting of the association of the teachers 
of mathematics in the secondary schools of Switzerland, held 
at Ziirich on December, 9, 1905, Professor H. Fehr of the Uni- 
versity of Geneva gave a brief sketch of some present tendencies 
in the teaching of elementary geometry. He laid special stress 
on the fact that the teacher should be familiar with the notion of 
a group, which plays such a fertile role at the present time in 
the mathematical developments.* 

The present article aims to exhibit some applications of the 
group concept to elementary mathematics. It is hoped that the 
article may serve as an easy introduction to some elements of the 
group theory and also as a means to arrive at broader notions in 
reference to a few fundamental matters in elementary mathe- 
matics. 

We shall first consider the two operations of subtracting from 
1 and dividing 1. The former operation will be represented by 
s and the latter by d. The two successive operations of first 
subtracting from I and then dividing 1 by this remainder will be 
denoted by sd. It is easy to prove that we arrive at the original 
number by performing sd three times in succession on any num- 
ber. For instance, if we start with 2 and apply sd on it we arrive 
at —1; applying sd on —1, we arrive at %4; applying sd on 4, 
we arrive at the original number 2. In general, the following 
three numbers result if sd is applied successively on the number 


gi -_e 
— are distinct except when 





1 
The three numbers 7, , 
| at n 


has one of the following two values, }+ by —3. Hence the opera- 
tion sd combines all the numbers (real and imaginary) into sets 
of threes, with the exception of the two numbers just mentioned. 
_ If one number of such a set is real all of them are real, and if 

one is rational all are rational, since the operations of division and 


*],’ Enseignment Mathematique, vol. 8 (1906), p. 54. 
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subtraction performed on rational numbers lead to 1ational num- 
bers. 
If we consider the six operations 

1 sd sd)’ 

d s a és (A) 
where I as usual represents the identical operation (that is, an 
operation which leaves all things unchanged), we can readily 
verify that they, in general, associate six distinct numbers. For 
instance, if we perform these six operations on the number n 
we obtain 
] a=) 


nN _- 
i=#s nN 


2 = 
n n—1 

One of the most important facts has not yet been explicitly 
stated ; viz., that we arrive at the same set of numbers by apply- 
ing all these operations to any one of the set. For instance, if 
we start with 3, the given six operations give rise to the following 
numbers in order: 3,>, ‘, 4, — 2, #. By starting with —} 
the order is: —}, $, 3, — 2, 3, 4. Similarly, by starting with 
any other number of this set and applying to it the six given 
operations there would result merely a rearrangement of these 
six numbers. This is directly due to the fact that the six oper- 
ations denoted by (A) form a group. 

Suppose that these operations are applied in order to sin’r. 
The resulting functions will be: sin’x, sec’?x,—cot’x,—tan’x, ese’ x, 
cos’‘*. Hence these six functions represerit a set of numbers un- 
der (A) for every value of x. The numbers of such a set are 
said to be conjugate under the group represented by (A). While 
it would be easy to exhibit many more interesting relations, yet 
these are of especial value on account of the fact that they con- 
stitute a part of a very large body of closely related facts. That 
is, they are simply steps toward grander views. 

It has been observed that each of the two numbers $+4 )/—3 
is transformed into itself by the first three operations of (A). 
It is easy to verify that the remainder of these operations trans- 
form one of these numbers into the other. Hence each of these 
numbers has only two conjugates under (A). Each of the two 


*Quarterly Journal of Mathematics, vol. 37 (1905), p. 80. 
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triplets (—1, 2, $), (1, 0, ©) has three conjugates under (A). 
Every other number has six distinct conjugates under (A). This 
statement can readily be proved* and evidently includes questions 
relating to the equality of the trigonometric functions of the pre- 
ceding paragraph. 

The operations of (A) can be placed in a (1, 1) correspondence 
with the six movements which transform an_ equilateral 
triangle into itself. Those of the first line correspond to the 
movements through 0°, 120°, and 240° respectively around the 
center of the triangle, while the remaining three correspond to 
movements of the plane of the triangle through 180° around the 
lines of symmetry. As these six movements and the opera 
tions of (A) obey the same laws of combination they are said 
to represent the same abstract group. 

Just as the operations of subtracting from 1 and dividing 1 
give rise to a group of order 6 so the operations of subtracting 
from 2 or 3 and dividing 2 or 3 give rise to a group of order 8 
or 12 respectively. In the former case there are 10 special num- 
bers which are equal to some of their conjugates while in the 
latter case there are 14 such numbers. According to these groups 
the other numbers are associated in sets of 8 or 12 respectively 
such that each number of a set is transformed into every other 
number of the set by means of the operations of the respective 
groups. For details and proofs we refer to the article mentioned 
in the preceding footnote. 

If we consider the eight movements of the plane which trans- 
form a square into itself, it will readily follow that they can be 
placed in (1, 1) correspondence with the eight operations ob- 
tained by combining d: and s: where d: represents dividing 2 and 
s: represents subtracting from 2. The operation of s: d: has to be 
repeated four times in order to arrive at the identity and may 
correspond to a rotation through 90° in the group of movements 
of the square. That s: d: is generally of period four follows from 

, 2 "op feed. a. 292 
the equations: s.¢d,=-—— _(s.d,)*= » (s.d,.% =—" 
as [es n 
(s2 d2)*=n., 

This group of order 8 is generally known as the octic group 
and presents itself in a large number of places in elementary 
mahematics. We have already noted an instance in arithmetic 
—subtracting from 2 and dividing 2— and an instance from 








-1 
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elementary geometry—the movements which transform a square 
into itself. We proceed to give a fundamental application of this 
group in trigonometry. 

Denoting the operations of taking the complement and the 
supplement of an angle by c and s respectively, it is easy to see 
that cs increases the angle by 90°. Hence (cs)’=a+180", 
(cs)*= a + 270°, (cs)*= a, where @ is the angle under consider- 
ation. From this it is clear that cs is an operation of period 
four just as sy dz. Moreover, the eight operations 

. @ (cs)? (cs)? 

Ss c CSE SCS 
form a group which has exactly the same properties as the group 
generated by s: de. 

It is especially interesting to observe that the eight operations 
of the octis group transform @ into the eight angles whose func- 
tions are generally tabulated in the elementary text-books on 
trigonometry. These angles are in order: 4,2+90 4-+180, 
a+ 270, 180 —a, 90 — a, —a, 270 —a, On account of the 
prominence of these angles and of the operations ¢ and s our 
elementary trigonometry might appropriately be called the /rig- 
onometry of the octic group. Some of the methods of employing 
the properties of the octic group in the study of the functions 
of these eight angles have been given in the article entitled ‘‘A 
new chapter in trigonometry,’’ Quarterly Journal of Mathe- 
matice, vol. 37, (1906), p. 226. 

What precedes, exhibits some applications of the group of the 
triangle and the square in other elementary subjects and thus ex- 
hibits an interesting relation betwen these subjects. This is 
one of the most important features of the group concept. It is 
not implied that these relations should be made prominent in ele- 
mentary instruction but the teacher who knows them will teach 
more wisely and with a deeper interest than if he were ignorant 
of them. What is needed is a clear understanding of the prin- 
ciples which find extensive applications. Isolated facts are fre- 
quently of interest but they cannot be as fruitful as those which 
find extensive applications in further developments. Only the 
real scholar can be a judge of the relative importance of the 
elements which enter into a mathematical training. 

The three regular polygons which enter most extensively into 
the study of elementary geometry are the triangle, the square, 
and the hexagon. We have briefly considered the group of 











756 SCHOOL SCIENCE AND MATHEMATICS 


movements of the first two. The group of movements of the last 
is of order 12 and has the same properties as the group generated 
by the two operations of subtracting from 3 and dividing 3. If 
these two operations are represented by s: and ds respectively, 
it is easy to verify that s: ds is an operation of period six, which 
may correspond to a rotation through 60°. The other operations 
of the group generated by s:, ds correspond to rotations around 
the lines of symmetry of the regular hexagon. 

It is a curious fact that the groups of the three fundamental 
regular polygons should be the same as the three finite groups of 
subtraction and division, with rational numbers, if we exclude 
the almost trivial case of subtracting from o and dividing 1. 
While each of the other regular polygons has a group of move- 
ments whose order is also twice the number of sides of the 
polygon, yet these groups do not present themselves as subtrac- 
tion and division groups when the numbers from which we svb- 
tract and which is divided are both rational.* In view of these 
facts the groups which have been considered are of somewhat 
special interest. 

The principal aims of a brief article on a big subject should 
be to arouse a healthy interest and to give suitable references. 
In trying to supply the latter we would especially refer to the 
article by Poincaré published in The Monist, vol. 9 (1808, p. 34. 
Similar views were employed as early as 1874 in Meray’s Nou- 
veux Eléments de Géométrie. For briefer developments slong 
this line we may refer to the definition of group theory in The 
Popular Science Monthly, February, 1904, “on the groups of the 
figures of elementary geometry,” American Mathematical 
Monthly, October, 1903, and to the articles mentioned above. 





SOME THOUGHTS ON THE TEACHING OF GEOMETRY. 
C. A. PETTERSEN. 
Jefferson High School, Chicago. 


Not many years ago there was graduated from a university 
not far distant from Chicago a young man who was thus de- 
scribed in a “grind” in the College Annual: 

“A sober youth with solemn phiz 
Who eats his grub and minds his biz.” 
Whether the author of this jingle was aware of the destiny of 


*Cf. Hilton, Messenger of Mathematics, vol. 35 (1905), p. 117. 
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the young man as a dispenser of mathematical abstractions in 
a secondary school, I hardly know. But stranger things yet 
came to pass. In an unguarded moment this same solemn youth 
went to the opera, comic opera at that. An oft-repeated refrain 
startled him. It seemed so familiar. Its burden was: “Let’s 
look in‘ the book and see.” With Euclidean laboriOusness there 
eventually dawned upon him the part he had been playing in 
what might be properly termed a continuous performance of a 
similar farce. Throughout the realm of mathematical teaching 
an awakening, though perhaps less rude than this, has been taking 
place inaugurating a movement which was quite aptly described 
in a paper read before this Association two years ago as 
bringing to a focus “the problem of deartificializing the matter 
and method of mathematics.” Yet I hardly suppose that the 
author of this phrase intended to raise false hopes of ever totally 
deartificializing the study of mathematics. The conditions of the 
schoolroom are of necessity more or less artificial and to ignore 
this fact is to invite the mistakes of a Rousseau whose return to 
nature, beyond the wholly impracticable, was the mere substitu- 
tion of one device for another. Fortunately, present day reforms 
are in less danger of such errors, thanks to our unlimited means 
of thorough discussion; but even so, in radical changes it be- 
hooves us to move with caution. 

The present movement for betterment in mathematical teach- 
ing is largely a reaction from the so-called text-book method, 
roughly defined as all text-book and no teacher. The first im- 
pulse in this reaction is to abandon the text-book absolutely, “a 
return to medievalism,” as David Eugene Smith says, before the 
art of printing was invented. What then is the legitimate func- 
tion of the text-book? What is its minimum or maximum use 
for efficiency in teaching? How best use it? A complete answer 
to these questions I would hardly venture, but a suggestion or 
two in the field of geometry may have some value. 

The term “text-book” as used nowadays covers a multitude 
of sins as well as work of merit. The fact that We are flooded 
with such a variety, from manual of experiment to pure didactic 
with fads and frills of every description, would seem to indicate 
a variety of experience, or lack of experience as the case may be. 
Undoubtedly, some represent the fruit and flower of a fund of 
experience few of us may hope to attain, while others grow 
up in a night. The most serious offense charged against the 
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text-book in geometry is its adherence to the Procrustean 
mode of Euclid though American texts offend less perhaps 
than some others. And why this persistence of content? To pre- 
serve logical rigor. And what is this thing called logical rigor? 
The books seem to disagree. Is it not subject to the law of 
growth as are other portions of the school curriculum? Or must 
it be imposed upon the youthful mind in its entirety with every 
detail of philosophical finesse from the beginning? The painter 
does not build his conception upon the canvas nor the sculptor 
his in clay by painting or modeling first of all a substantial bit 
of terra firma upon which his hero is to stand. Nor do the 
ordinary conceptions of life grow in this manner according to 
the specialist in genetic psychology. Should we then forever 
taboo in the school-room the broad effects which the artist oft- 
times uses to develop his loftiest ideals? I think not. 

But the author of the text-book here interposes a fair ques- 
tion. Shall the text-book present this development or shall the 
text-book present a finished product, as it were, a model of rea- 
soning in the best possible form from a logical point of view, 
taking into consideration the maturity of the pupil? The latter, I 
take it, is usually the author’s position, certainly in books which 
make no attempt to replace the teacher. And certainly it is a 
worthy aim to have in the hands of the pupil a compact, accurate 
and very get-at-able body of knowledge—a high type of system, 
so to speak. The mention of system suggests another phase of 
our problem. It is the fashion in some circles nowadays to 
decry system, to chafe under its restraint. Education has be- 
come systematic as have al] departments of human activities 





where progress dominates. In this system we have found it 
desirable to measure work done by the text-book used—a rather 
inadequate test to be sure, but not always unjust as some would 
have us believe. But the system itself, which demands some 
tangible evidence of what is being accomplished, should not there- 
fore be regarded as an onerous burden to be despised, but quite 
as often an opportunity to be developed. The career of more 
than one brilliant educator or king of finance might have been 
that of honor and success instead of disaster, under the powerful 
agency of a righteous and proper system. 

Now assuming our text to be one with a decided tendency 
toward logical rather than pedagogical development how shall 
we proceed? We appeal too often, I fear, to what the schoolmen 
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call “academic interest,’ what the men of the world call “idle 
curiosity.” The approach to the subject, it seems to me, should 
be largely from the utilitarian point of view, mensuration and 
structural problems. Direct methods of mensuration to be sup- 
erseded by more efficient and practical indirect methods. The 
course may well begin with practice in the use of ordinary in- 
struments of mensuration followed immediately by problems in- 
volving the mensuration of inaccessible distances, introducing 
the theorems on congruence of triangles. The development of a 
rather crude method of triangulation with the addition of 
structural problems thus becomes the basis of what is usually 
given in the first book. The second book centers about the meas- 
urement of angles, problems in mechanical drawing. The third 
book on similar figures suggests a more practical solution 
of the problems in triangulation, drawing to scale and possibly 
the introduction of some of the elementary ideas of trigonometry. 
Book IV and V of course, have to do with areas principally 
where practical problems arise quite as easily. Such an introduc- 
tion implies the solution of a number of concrete problems, a 
greater or less number as time permits. If desired a companion 
volume might be used for materia] for such practical work. This 
early attitude serves to convince the pupil that with geometry 
you can do things, and that unquestionably above all other things 
is what interests the growing mind. But what becomes then of 
our elaborate logical fabric? Simply this, we have adjusted the 
warp and are now ready for the woof. Great movements in the 
world’s history have nearly always been initiated in response to 
immediate demands and only after a considerable lapse of time 
has their far-reaching significance become apparent, a product 
of after-thought, a retrospect. Shakespeare himself, I doubt not, 
prepared no such profound ethical analyses of his characters as 
have his subsequent critics, nor did the American revolutionists 
concern themselves with the abstract principles of freedom much 
more than they did with means of securing a copious supply of 
fiat paper currency. Only as education and intelligence pro- 
gress do the remoter ends of life become evident. Realizing 
then that we are dealing with a mind as yet immature we may 
properly yield this much to the culture epoch theory of education 
and make our study of geometry a progression from near to more 
remote ends. Do not infer that I would have all this work com- 
pleted before taking up demonstrative geometry. Far from it. 
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The concrete work should develop the necessity for an abstract 
theorem which should then be given. It may be necessary and 
no doubt it is always advisable at first to assume the truth of 
certain propositions, especially where quite obvious to the pupil. 
As Wm. T. Harris says, the beginnings of any study are neces- 
sarily fragmentary not on account of the immaturity of the pupil 
alone but because they are beginnings. Such omissions or as- 
sumptions can be readily taken care of if thought necessary in 
the final summing up of any part of the subject. A summing 
up in a schematic way tends to organize the subject matter so as 
to be more readily available for future use—a compartment ar- 
rangement to be sure but economically so, not hermetically sealed, 
but like a modern office desk, where opening the top every com- 
partment opens as well. The welding together of the whole 
through logical relations gives to work in geometry a coherence 
which forms a large part of its value as a study and should there- 
fore be carefully preserved. Some revision of content will no 
doubt be desirable but after al] the greater improvement in geo- 
metrical teaching must be looked for in the changed attitude of 
the teacher rather than in text or method. 

We are often disappointed when we find a pupil failing to 
recognize in a concrete problem the conditions of a supposedly 
familiar theorem. He is unable to thrust aside the tangle of un- 
essential details. He has always been presented with a highly 
ideal diagram, everything irrelevant carefully excluded. In this 
we are following the laboratory method strictly where the aim 
is to isolate as far as possible the phenomenon under considera- 
tion. The habit of isolation becomes fixed and a problem clothed 
in concrete or slightly unfamiliar terms is baffling. Isolation 
has its value in analysis but does not afford a complete view of 
any subject. Any more than a study of individuals each by him- 
self constitutes a complete sociology. In the realm of physics 
we find it practically impossible to so far isolate a phenomenon 
as not to bear some of the earmarks of everyday experience. 
Where mental concepts alone are concerned a higher degree of 
abstraction is necessarily secured. May it not be worth while 
then to deal occasionally with problems involving not new ele- 
ments as most so-called originals do, but merely a new associa- 
tion of familiar elements? In a book on “Composite Geometrical 
Figures”* published some years ago this plan is carried to a 
curious extreme. A general figure is introduced with this state- 








TRACHING OF GEOMETRY 761 


ment: “All theorems of plane geometry (except the Pytha- 
gorean with the three squares) may be demonstrated by this 
figure.” Avoiding this extreme we may profit by the suggestion 
to urge a pupil to apply his geometrical principles to the fixed 
conditions of a more or less complex figure, already constructed ; 
as well as to the ideal figure which he himself constructs to illus- 
trate a specific proposition. He may then be better prepared to 
meet the further extraneous matter of a more concrete problem. 

Incommensurables might well be postponed until some of the 
implications of the proposition with reference to commensurables 
are made clear, not all taken in the same breath. Just as we 
become familiar with integers and some of their uses before we 
attempt fractions, so our study of geometry should become more 
intensive as we proceed. Our first concepts are always tentative 
in spite of carefully pregared definitions, theorems or what-not. 
Progress must be consistent with growth. Our geometrical 
study must be a growth to be a permanent value. To make it so 
is the work of the teacher ; entirely if the logical (or quasi-logical 
if you prefer) text-book is used for no book can more than 
roughly approximate the development of the subject according 
to the needs of the individual pupil. Nor need we think that a 
development from the utilitarian point of view necessarily im- 
plies pure commercialism although it may properly constitute an 
element. Whatever serves to give the individual some realiza- 
tion of the various factors of the social organization of which he 
forms a part is utilitarian, is cultural as well. Finally, unless we 
can show something more than a mere speculative value in the 
study to the pupil himself from the very beginning we can hardly 
claim membership in the ranks of teachers in the system of edu- 
cation in which Pestalozzi and Roussiau, Froebel and Herbert 
were pioneers and which modern society demands. 


*Composite Geometrical Figures by George A. Andrews, Ginn & Co., 1906. 
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THE PER CENT OF OXYGEN IN AIR. 


I. 
sy JoHN F. WoopHULL, 
Columbia University. 


The apparatus is designed for use in large classes with the 
least possible expenditure of the teacher’s time. Accuracy of 
result is in a measure sacrificed to this desideratum. 

A glass cylinder nine inches deep and two inches wide is 
nearly filled with water. A piece of phosphorus about the size 
of a grain of rice, pierced by a copper wire, is supported near 
the surface of the water. The water is kept constantly in the 
cylinder to insure its having about the temperature of the room 
and also to protect from fire the phosphorus which is not removed 
from the apparatus until it has served “several weeks and made 
many tests of the air. A graduated glass tube, of convenient 
diameter to close with the thumb and of suitable length with 
reference to the cylinder has water transferred to it from the 
cylinder by a pipette to the depth of an inch or two and is then 
inverted in the cylinder. It is held so that the water stands at 
the same level both inside and outside of the tube. The volume 
of the air is thus read and the tube is then brought down over 
the phosphorus. 

At the next exercise, a day or two afterward, the student takes 
the reading of the gas in the tube, fills it with water from the 
cylinder to expel the gas and leaves it thus for the next student. 
Several pieces of this apparatus may be in constant service tor 
several weeks without requiring any of the teacher’s time except 


such as he may give to instruction. 
x 


IT, 


FromM CHEMICAL LABORATORY, 
Pratt Institute, Brooklyn, N. Y. 


Place two thin rubber bands cut from black rubber tubing 
around a narrow five or six inch test-tube, slipping one band 
close to lip of test-tube. Pour into the tube a thimbleful of 
pyrogallol. Cover the powder with a strong solution of potassium 
or sodium hydroxide and close as quickly as possible and very 


* These experiments and others which are to follow we give here through the courtesy 
of the Chemistry Teachers Club of New York City. 
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tightly with the thumb. Slip the lower band up, even with the 
surface of the liquid and shake for a few times. Invert the tube 
and open under water, holding the test-tube by the lip, so that 
the hand will not warm the gas. Allow the water to rise in the 
tube, and immersing the tube in the water as far as possible, cool 
the gas for three minutes. Sink or incline the test-tube till liquid 
inside and out is at the same level, then close with the thumb, 
raise from the water and invert it. 

A. Test the gas remaining in the test-tube for combustibility. 
What is it? 

B. What does the liquid now appearing above the rubber band 
represent ? 

C. Determine accurately in c.c. and tenths the volume of the 
gas unabsorbed by adding water from a burette to the liquid in 
the tube, till the bottom of the water curve is even with the lower 
edge of the band. Determine the contents of the test-tube be- 
tween the lower edges of the rubber bands. From these data 
compute the percentage of the gas absorbed. Let figures and 
processes appear in your notes. Be careful not to disturb the 
position of the rubber bands in shaking, cooling, or filling the 
tube from the burette. Wash off immediately any stain on the 
thumb with dilute sulphuric acid. 


ITT. 
3y Irvinc W. Fay, 
Polytechnic Institute of Brooklyn, N. Y. 


This apparatus depends upon phosphorus to absorb the oxygen 
from a measured volume of confined air. It is in principle the 
same as Hempel’s apparatus for the same purpose but it is much 
simpler and more portable. Its cheapness and efficiency allow 
its use in the laboratory for students in general chemistry. 

The apparatus consists of a stout glass tube 18 inches 
long sealed at one end. The internal diameter is 23 mm. and the 
thickness of the wall 2.5 mm. From 11 to 14 rods of phos- 
phorus, each 35 cm. long and 4-5 mm. in diameter occupy the 
closed end of the tube and are held securely in place by a per- 
forated rubber diaphragm one half inch in thickness which fits 
the tube so closely that it safely keeps its position. Many small 
V shaped cuts are made around the margin of the diaphragm, 
before pushing it into place, so as to allow the easy and rapid 
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passage of air and water in opposite directions at the same time. 
The tube is kept filled with water and corked securely when not 
in use, and should be kept in a pasteboard case to exclude the 
light which otherwise causes a deterioration of the power of 
phosphorus to absorb oxygen freely. 

The open end of the tube is carefully ground flat and a paper 
millimeter scale, 200 mm. long is pasted upon the outside of the 
tube with the divisions turned in so that the scale may be read 
by looking through the tube itself. The 200 of the scale is at 
the open end of the tube and the o is nearer the diaphragm. 

By aid of the annexed diagram the use of the apparatus will 
be easily understood. The 
tube is filled to the brim with 
water and then the water 
poured out down to the zero 
mark. The empty space is 
filled with air, a wet glass 
plate is held firmly over the 
end and the tube inverted and 
the lower end placed in a 
beaker of water. The air 
passes up through the dia- 
phragm and the displaced 
water falls. The absorption 
of oxygen begins at once as 
the formation of a cloud of 
phosphorus pentoxide shows, 
and the water is seen rising to take the place of the absorbed 
oxygen. When the cloud has disappeared and the water has 
ceased rising, the oxygen is all absorbed and a reading may be 
taken. First the height of the water in the tube above that 
outside the tube in the beaker. Then a glass plate is held firmly 
over the end under water and the tube removed from the beaker 
and inverted to the position in Fig. 1. The height of the water 
above the zero mark represents in per cent, by counting two 
divisions equal to one per cent, the amount of oxygen which was 
absorbed by the phosphorus. This percentage corrected for the 
reduced tension of the residual nitrogen is the per cent of 
oxygen in air. 

For a second determination, the tube is filled with water to 
drive out the nitrogen and then a fresh portion of air drawn 
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in by pouring out the water down to the zero mark and proceed- 
ing as before. 

The apparatus once charged and kept in the dark when not 
in use will allow 500 determinations without refilling. For this 
apparatus, a tube should be of uniform bore o1 else it should be 
calibrated. 

IV. 
By Pror. CHARLES M.,ALLEN, 
Pratt Institute, Brooklyn, N. Y. 

Apparatus. A glass cylinder (A) 12 in. x 2% in. in which 

hangs a smaller cylinder. (B) 9 in. x 1% in. with the upper end 
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drawn into a tube and inverted in the two holed stopper of cylin- 
der A. The smaller cylinder has its lower end open and is filled 
snugly with a closely wound coil of copper net (C) 20 mesh. 
When the cylinders are in place the longer is 34 filled with the 
following solution: 

125 grams ammonium chloride. 


~ 


250 c. c. ammonium hydroxide. 


S 
sO c. c. water. 


2 
~ 
Js 


The smaller cylinder is connected to a 100 c. c. burette which 
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is part way graduated from below c.c. The other outlet of the 
stopcock leads to the air (E). The lower end of burette is con- 
nected by rubber tubing with a reservoir (G) filled with the am- 
monia solution above, the reservoir acting as a leveling tube. 
The glass parts of the apparatus may be purchased from Eimer 
and Amend. 

Operation. Lower the reservoir and adjusting the stopcock 
as in Fig. 2 draw the ammonia solution from the large cylinder 
till the small cylinder and its connections as far as the stopcock 
are filled with it. Turn the cock so as to connect the burette with 
the air, fill with the solution from reservoir the burette and con- 
nections to E, then draw back exactly 100 c.c. of air measured 
at atmospheric pressure by bringing surface of liquid in reser- 
voir to zero mark of burette. Close the cock to air vent. Raise 
the reservoir and adjusting cock run the 100 c.c. of air ovr into 
B. Let it remain a half minute and then draw the gas which re- 
mains unabsorbed by the moist copper back into the burette. le- 
peat this until no further absorption is noted by the burette read- 
ings (five or sir times generally for air). Close the cock leading 
to burette, bring to same level the liquids in reservoir and burette 
and, the burette reading will be the percent of oxygen absorbed. 
The apparatus when once set up will work for a very large num- 
ber of determinations. 


PREPARATION OF THE PHOSPHORUS Rops.* 


The rods of phosphorus may be prepared as follows: the com- 
mercial stick of phosphorus is placed in a test-tube full of water 
and the test-tube placed in a liter beaker of water kept by a 
small flame constantly at 55° C. The phosphorus soon melts 
and sinks down, filling the lower half of the test-tube, the upper 
half remaining full of warm water. A glass tube of such size 
that the bore has the same diameter as the intended rod of phos- 
phorus is selected three inches longer than the phosphorus. It 
assists greatly if a tube is used which has a bore slightly larger 
at one end. A rubber tube 12-15 inches long, provided with a 
pinch cock is slipped over the small end of the glass tube. The 
annexed figure will show the manner of filling the tube. Water 
from the beaker is sucked into the glass tube and allowed to run 





* See Figure 2, page 764. 
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back, this is quickly repeated two or three times to warm the 
glass so that the phosphorus may not solidify while drawing it 
into the tube. The tube is then pushed below the melted phos- 
phorus of the pinch cock. The pinch cock is closed and then 
lifted carefully in a vertical direction and plunged at once into 
a cylinder of ice water which should not be more than three or 
four inches away from the mouth of the test-tube. The ice 
water causes almost immediate solidification of the phosphorus 
and by pulling off the rubber tube it may be pushed out into 
the ice water by a glass or iron rod slightly smaller than the 
bore of the tube. Great care is needed in this operation, and all 
movements should be made deliberately to avoid accident. A 
small half oz. bottle should be interposed between the glass tube 
and the rubber tube to prevent any possibility of the melted 
phosphorus entering the mouth. 


SEPARATION OF NITROGEN AND OXYGEN IN ATMOS- 
PHERIC AIR. 


A very important scientific discovery by which George Claude, a 
civil engineer of Paris, claims to have succeeded in separating oxygen 
and nitrogen in atmospheric air is now attracting much attention in 
chemical circles. At a meeting held by the Society of Civil Engineers 
of Paris on December 1 Mr. Claude declared that the liquefaction of 
air had made the solution of the problem possible. At the price of 
two centimes for a cubic meter it will be possible to reach unknowm 
temperatures in metallurgy. The Mittag, a Berlin paper, says that 
the invention of George Claude is of tremendous importance. Several 
attempts have heretofore been made to solve the problem of separating 
oxygen from the nitrogen of the atmospheric air. Prof, Raoul Pictet, 
of Berlin, deserves the credit of having worked on this problem for 
a series of years, and having attained great success of late. 

As far back as 1899 Professor Pictet constructed a plant in England 
intended to separate the two elements. But at that time the results 
were not satisfactory. At the recent congress of naturalists held last 
September Professor Pictet delivered a lecture in which he stated that 
he had succeeded in separating nitrogen from oxygen by liquefying 
the air and then allowing the nitrogen to evaporate, obtaining in this 
manner a product containing about fifty per cent of oxygen, and which 
he will put on the market as “technical oxygen.” From recent reports 
it is learned that Professor Pictet has been successful in increasing 
the percentage of oxygen still further, and also in cheapering it to 
a price of about one pfennig (about one-fourth cent) per quart. This 
statement, however, requires verification. If it should be true then 
Professor Pictet will have done better than George Claude.—American 
Inventor. 
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Professor Omori, the eminent Japanese seismologist who has been 
studying the effects of the Californian earthquake for the past three 
or four months, has come to the conclusion that California will be free 
from seismic disturbances for half a century, and probably for a much 
longer time. He says that in all probability there will never again be 
so severe an earthquake in California as the one on April 18. The 
slipping of the crust of the earth was caused by the fact that at the 
point of weakness it was in unstable equilibrium, resulting from the 
redistribution of matter. It takes ages to bring this about, and the 
crust has probably settled to a position in which it will remain for 
centuries without slipping. The position of countless tons of matter 
will have to be changed, and vast quantities of earth to be carried by 
the rivers into the sea, before there will be so great a redistribution 
of matter as to cause an earthquake. Professor Omori says that he 
is confirmed in this opinion by the occurrence of many minor shocks 
since the great one, and by the manner of their occurrence. These 
shocks have been coming at regular intervals and diminishing in force 
showing that the crust of the earth is slowly settling to rest in its 
new position. The minor shocks occur most strongly when the baro 
metric pressure of the atmosphere is greatest. Most of the shocks are 
so slight that they can be discovered only by the aid of a seismograph, 
and are of no importance except as helps to an understanding of earth 
quakes. The professor says that an earthquake of any magnitude is 
preceded by a series of minor shocks, especially if the observation is 
made at a location distant from the center of disturbance. Tremors 
precede the great shocks, frequently by several days. If, therefore, 
careful observations of these tremors could be made, it might be pos 
sible to predict an earthquake. Professor Omori recommends that 
bureaus, equipped with seismographs, be established all over the state 
of California, so that slight tremors may be observed and their effects 
carefully studied. When a shock occurs, reports would come in from 
many quarters to the chief observatory, and the center of the disturb- 
ance could be located quickly. The Japanese professor will publish 
a full report of his observations during his visit to California.—Scien 


tific American. 


Professor David FE. Cloyd, principal of the Spokane High School, 
has given out a statement that the percentage of boys registered in his 
school is greater than that of any other school in the United States. 
Four hundred and forty-six boys and 729 girls are enrolled, this mak 


ing a percentage of a little more than 37.6 boys in the school, against 
31 per cent, the highest known percentage in other schools. 


Attention has been called to the fact that in evaporating gold or 
silver solution in a porcelain basin, a considerable amount of gold or 
silver may be absorbed by the porcelain itself. In the manufacture of 
chloride of gold it is customary to grind up all of the porcelain evapor 
ating basins, from which some of the deficiency is recovered.—Scientific 


American. 
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ELECTROLYSIS OF SODIUM CHLORIDE. 
By M. D. Sonon. 


Morris High School, New York. 


The bend of a side arm U tube is partially obstructed by a 
dam, made preferably from a test-tube cut off as in Fig. 1, and 
fitted into the U tube as in Fig 2. The bend is filled with mer- 
cury, and salt solution added on the dam side. Water, contain- 
ing a little electrolyte (NaOH) is placed in the other side. 

The anode is placed in the salt solution, the cathode in the 
water side, Fig. 3. When sufficient amalgam has formed the 
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tube is inclined so that the amalgam can run up behind the dam, 
Fig. 4. On inclining in the opposite direction fresh mercury 
replaces the amalgam which floats to the top of the other side and 
reacts with the water, Fig. 5. 

The evolution of hydrogen and chlorine is continuous and the 
sodium hydroxide solution can be siphoned off and replaced by 


WW ater. 


“The lowest temperature yet recorded,” says Merck's Report (New 
York, October), “is, we believe, that reached recently by K. Olszewski 
in an attempt to liquefy helium. By the aid of solid hydrogen he 
cooled the gas to —259°C. under 180 atmospheres’ pressure; then, sud- 
denly releasing the pressure to that of the atmosphere, a degree of cold 
was created which, by calculation from Laplace and Poisson's formula, 
amounted to —271.3°C. Helium, however, did not liquefy, and he 
accordingly assumes that its boiling-point must be below —271, and 
that there is but little prospect of reducing it to a liquid.” 
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THE PRESERVATION OF EARTHWORMS FOR DISSECTION. 
sy Amos W. Perers, Pu. D. 
Zoological Laboratory, University of Illinois. 


The method here described was devised by the writer in this 
laboratory to meet the need for a quicker and less troublesome 
process than those usually proposed for this purpose. It has been 
used repeatedly during the past two years both by myself and by 
assistants and students for the preparation of material dissected 
in our laboratory. The method has proved itself easily and rapidly 
executed and the material has been of excellent quality for dis 
section. It is not recommended for the preparation of histolo 
gical material, but if the intestinal tract of the worms were pre 
viously freed from their normal earthy content it would probably) 
yield fair results for that purpose. 

Having collected the worms, the first part of the process con 
sists in narcotizing them. For this purpose we use an aqueous 
solution of chloretone which is much superior to alcohol or other 
agents often used. Chloretone is the trade name for the substance 
chemically described as tri-chlor-tertiary-butyl-alcohol. It may 
be purchased of dealers in chemicals or drugs. It is soluble in 
water to the extent of about 1 per cent and we make a saturated 
solution at room temperature by simply adding more of the crys 
tals to a given quantity of water than it is capable of dissolving 
The worms freed from externally adhering dirt should be placed 
in a shallow pan and a solution of chloretone poured on them in 
quantity sufficient to make its volume several times greater than 
that of the worms. A half saturated solution made by diluting 
the original to two volumes may be used but for our purpose 
there is no necessity for proceeding gradually. We use a sat 
urated solution and remove from the liquid the mucous which 
the worms secrete abundantly in consequence of irritation by the 
narcotic. It will require five to ten minutes or longer, depending 
on the size of the worm, until the animals are sufficiently nar 
cotized to give little or no response when placed, one at a time, 
in the killing and fixing agent presently to be described. They 
must be left in the chloretone long enough to narcotize, not to kill. 

For killing, fixing and hardening (to toughen not to make 
brittle), we use a mixture of strong (i. e. about 95 per cent) al 
cohol and of formalin so made that the finished solution shall 
contain 10 per cent of formaldehyde. Since the formalin of the 
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market is supposed to be a 40 per cent solution of formaldehyde, 
a given volume of the purchased formalin must be diluted to 
four volumes, with three volumes of strong alcohol. This mix- 
ture has a rather severe action upon the skin when the fingers are 
immersed in it for more than a short time. Smearing the hands 
with vaseline or wearing rubber finger tips obviates this difficulty. 
The alcohol-formalin mixture should be prepared before the 
worms are narcotized, It is poured to the depth of about an inch 
into a shallow dish which is longer than an extended worm. When 
a worm gives no response upon handling it is placed in the alco- 
hol-formalin. If sufficiently narcotized it will not coil itself but 
make perhaps a few movements and finally become motionless in 
an extended condition. If necessary the worm may be held at 
its ends with the fingers so as to keep it extended until it becomes 
motionless which will occur in a fraction of a minute. In this 
manner and one at a time all the worms are transferred from 
the chloretone solution to the alcohol-formalin and left there 
until they are thoroughly penetrated. The action of this re- 
agent is energetic and rapid. The specimens may be removed 
after several hours or even after as long an interval as a day. 
They are laid parallel to each other on a cloth, and then rolled 
up in it so as to form a cylinder of such diameter as to permit its 
entrance into a half-gallon Mason jar into which they are placed 
for permanent preservation. Wrapping them in this way prevents 
their deformation. The jar is finally filled with alcohol of 70 
per cent to 80 per cent, to which a little formalin may be added, 
or, to less advantage, with a 2 per cent formaldehyde solution. 
It is closed air-tight. There is no danger that this material will 
ever soften, or disintegrate under ordinary laboratory usage. The 
specimens will bear immersion in water a long time without detri- 
ment. Students should be directed to wash them off with water 
to remove the excess of formalin before handling them for dis- 


section. 
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AN EXPERIMENT UPON COOLING THROUGH CHANGE OF 
STATE. 


3y Ropert A. MILLIKAN. 
Ryerson Physical Laboratory, University of Chicago. 


At the request of Schoo. SciENcE AND MATHEMATICS I sub- 
mit to its readers the modification of the experiment upon “cool- 
ing through change of state,” which has been introduced into the 
beginning physics work at the University of Chicago and at the 
University High School. This experiment in some form or other 
I regard as of quite as great importance as any which can be in- 
troduced into an elementary course; for to one who is not famil- 
iar with the facts and theories of physics there is nothing in the 
whole subject which is more strikingly interesting or more illumi- 
nating in its relation to the doctrine of conservation of energy 
than the direct, experimental proof in the laboratory, of the fact 
that freezing is a warming process. 

In order to bring out this fact as simply and directly as pos- 
sible it is desirable to use some liquid which can be made to un- 
dercool so that the student can actually see his thermometer rise 
rapidly as solidification sets in. It was formerly my custom to use 
water for this purpose, a few cubic centimeters of distilled water 
being placed by each pupil in a test-tube containing a thermome- 
ter, and the whole being kept quietly immersed in a freezing mix- 
ture at say —10° C, until the temperature of the distilled water 
fell to about —3° C, when the test-tube was removed and the 
water stirred. The chief objection to this form of the experiment 
is that the freezing point of water is so low that it is impossible 
to follow the temperature of the solidifying substance completely 
through its change of state. 

The hyposulphite of soda, which I believe is suggested in 
Gage’s text-book for this experiment, is indeed admirably adapted 
to show undercooling and the consequent rise in temperature as 
solidification sets in, but unfortunately it is also well suited to 
upset completely the pupils’ faith in the law that every crystal- 
line substance has a fixed freezing point and that the temperature 
of such a substance remains constant while the change of state 
is going on. For like all the substances which contain water of 
crystallization the undercooled hyposulphite of soda rises upon 
solidfying to a temperature which depends largely upon the 
amount of water which is present, and it furthermore: does not 








COOLING THROUGH CHANGE OF STATE 773 


maintain a temperature which is at all constant while the pro- 
cess of solidification is going on. 

Acetanilid has been quite widely used for the experiment; but 
while it maintains a constant temperature during solidification it 
has these two serious disadvantages ; first—it will not undercool, 
and, second, its solidifying point is so high, (about 130° C,) that 
the ordinary laboratory thermometer which reads to but 100° C 
or 110° C, cannot be used with it. 

After a considerable amount of experimenting with different 
substances it was found that acetamide is a well nigh ideal sub- 


Temperature 





A a or i ae ae ae oe a a ee 
Times 


stance for illustrating all the points which it is desirable to illus- 
trate by an experiment upon “cooling through change of state.’ 
The experiment with it is as follows: A test tube is supported 
vertically in a burette holder or other clamp and enough loose 
crystals of acetamide are inserted to fill it about a third full. 
The tube is heated carefully with a Bunsen burner until all of 
the crystals are melted. A thermometer is then inserted and the 
temperature recorded every half minute for a period of fifteen 
or twenty minutes. When these temperatures are plotted as 
ordinates and times as abscissas a curve is obtained of the type 
shown in Fig. 1. It will be seen that in this particular experiment 
which is a fair sample of the results obtained by the average high 
school pupil, the temperature fell rapidly from 100°C to 71.8° C, 
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that it then rose suddenly, as solidification set in, to 79” C, re- 
mained constant at this point for five minutes and then fell slowly 
during the. next twenty minutes from 79° C to 43.5° C. The 
same test-tube of acetamide may be used an unlimited number of 
times and it will always show precisely the same behavior as 
above save that it will often fall as low as to 60° C or even 55° C 
before solidification begins. 

Acetamide costs about 50 cents per ounce. Three or four 
ounces will provide for a class of from twenty to thirty pupils 
and one supply of test-tubes partially filled with acetamide can 
be used for an indefinite length of time. In winter no precau- 
tions whatever need be taken with the experiment. In summer 
the acetamide absorbs some moisture and should be boiled in its 
test-tube in order to drive off this water before the cooling curve 
is taken. 

The experiment in this form has proved one of the most satis- 
factory which the writer has ever tried with an elementary class 
Its advantages may be summarized thus: 

(1) It furnished direct and striking proof that solidification 
is a heat evolving process. 

(2) It shows that crystalline substances have a definite melt- 
ing point which they maintain during the process of change of 
state. 

(3) It is inexpensive. 

(4) It can easily be completed, graph and all, in a laboratory 
period of the usual length. 

(5) It is not troublesome for the teacher and requires none 
of his time outside of laboratory hours. 

(6) Finally it shows the pupil the natural use of a graph in 
physics and teaches him how to interpret his graph. This I con- 
sider a point of the utmost importance; for I confess that I have 
had considerable difficulty in finding a sufficient number of what 
seemed to me sensible and natural applications of the graphical 
method which were suitable to introduce into elementary physics 
courses. I doubt if I am altogether alone in _ feeling 
that there is some danger of dragging graphs into such courses 
at points at which they add nothing to the pupils’ grasp of the 
physical relations involved but serve rather to render the subject 
a little more complex and difficult than it would otherwise be. 
The case in hand is beyond question one in which the graph is 
needed in order to gain a clear picture of the physical relations 
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involved. In a word the graph is needed as the interpreter of 
the physics rather than the physics as the interpreter of the graph. 

If it is desired to have the pupil take the curve of a substance 
which does not undercool as well as of one which does the writer 
recommends napthaline in place of acetanilid, for the reason that 
it has a more convenient melting point (about 79° C) and shows 
a much flatter curve during the time in which the process of solid- 


ification is going on. 


AN INTERESTING EARTHQUAKE FAULT. 


Professor Fernando Sanford of the Stanford University sends 
us the accompanying photograph which is a view of an earth- 
quake fault made near Olema, north of San Francisco. The 
fence in the foreground was continuous with the line of posts 
back of the man on the downhill side. It has been moved up 
hill 16 teet along with all the foreground. It will be noticed that 
there has been no appreciable change of level on the level ground 
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A MECHANICAL MODEL FOR THE LECTURE DEMONSTRA- 
TION OF ‘‘BEATS.’’ 
By Witt C. Baker, 
Queen's University, Kingston, Ont. 
The simple device herein described has annually proved its 
effectiveness in elementary classes here since 1899. 
A very light pointer—say 50 cm. long—is fastened to one end 


> 


of a bit of lath—say 15 cm long and 3 


E 


cm. deep—as shown in the sketch. 





Light staples, made by cutting the 
heads off stout bent pins, are driven in- 
to the edges of the lath at the points 
lettered 4, B, C, and D. This system 
| is attached to a fixed horizontal rod, E, 








by strings through the staples at A and 


B, leaving it just free to swing with A 





and B as hinges. From C and D ar: 





hung two equal masses of about 250 
gms. each, by strings 100 cm. and 75 
cm. long as shown in the sketch. A 
disc of white bristol-board at the point- 
er end completes the apparatus. 


If now the two pendulums be di. 
placed together through an arc of, say 
15°, and then released, the motion of 
the pointer being controlled by two ap- 
proximately harmonic forces of dif 
ferent period, will go through a series of beats. The amplitude 
of the pointer’s motion being a maximum when the pendulums 
are in phase, and diminishing to zero as they approach opposition. 
The action proceeds so slowly that its progress may be described 
to a class as it takes place. The rapidity of the beating may be 
altered by changing the pendulum lengths, and for this purpopse 
a few large pins thrust through the pendulum cord and bent into 
hooks are very convenient, the pendulum bob being simply lifted 
from hook to hook as one wishes to change its period. 

There is, of course, no obvious relation between the maximum 
amplitude of the pointer’s motion and that of the pendulum, but 
any attachment to secure this would complicate the apparatus 
and thus detract from its effectiveness. 
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A SIMPLE APPARATUS FOR PARALLEL FORCES. 
By DeForrest Ross, 
Ypsilants High School. 


This piece of apparatus is designed to overcome an element of 
error in the experiment of the composition of parallel forces. 
When the two draw-scales, or coiled springs, used to represent 
the two forces, are attached to fixed supports there is but a single 
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position for the point of application of their resultant such that 
the bar will assume a horizorial position; and when the bar as- 
sumes an inclined position, the forces are no longer acting parallel 
with each other, and this inc. ination is considerable, if the springs 
are quite sensitive, the nearer this poitit approaches either of the 
other forces. 

The accompanying figure illustrates a means of overcoming 
this difficulty, and needs but little explanation to make its action 
clear. 

The spring S is fastened to a scale which can be raised or 
lowered as the occasion requires, and held in position by means 
of the set-screw K. C is a back view of this sliding scale show- 
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ing the two brass plates which project beyond the edges and 
slide in grooves in the uprights, shown in A, thus holding it in 
position and at the same time admitting of a free and easy move- 
ment. A scale, not shown in the figure, on each upright, enables 
the student to readily bring the bar into a horizontal position. 
The piece is simple, inexpensive, and gives good results. 





TO DETERMINE THE HORSEPOWER OF A SMALL STEAM 
ENGINE. 
By C. H. Perrine, 
Wendell Phillips High School, Chicago. 

One of the most popular experiments in the physics work in 
this school is the determination of the horsepower of a toy steam 
engine. A brief bulletin is prepared for the students which em- 
braces the following outline: 
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Method :—Set up apparatus as indicated in drawing. Measure 
the circumference of P (engine pulley). This can be done suftic- 
inetly accurately by use of string, getting the length of one turn 
or loop. Put a small weight at f to hold the string taut. Having 
supplied the boiler with plenty of water, place the Bunsen flame 
in proper place and start the engine. Vary the load at f until the 
speed is sufficiently slow to count accurately. The actual friction 
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load which the engine is pulling, is the difference between that 
registered by the spring balance F and the weight f, which is 
used to vary the friction. 

Data required: Circumference of pulley P in feet. reading of F 
in pounds, weight of small f in pounds and revolutions per minute, 
then 

(F—f) X(C XR. P.M) 


Horse Power i 
3300 


Repeat the test when the engine is loaded to its maximum. 
Increase the load as before by varying f. 

The results are very satisfactory. The same process is used 
in determining the horsepower of an electric motor or a water 


motor. 


HOME-MADE LINEAR EXPANSION APPARATUS. 


: Tr Apherometer 
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By R. O. AusTIN., 





Central High School, Colum- 
bus, Ohio. 


Exclusive of the spherometer 

| | | i) the cost is almost nothing. Any 
AN\\) piece of flat metal about 2 mm. 

) thick will answer on which to 

place the spherometer. 

HH f/f) To save the trouble of put- 


| ‘3 ” , AY tube , ‘ " “4 2) - 

t y vontes ons ting in side tubes, two-hole rub- 

}\\)/| “““ “" ber stoppers are used, one hole 
| 


| for the rod and one for the 
| Hl steam. The apparatus may be 
made of any convenient length. 
| \ The steam jacket is about 25 
| h\\\ mm. in diameter. It is not nec- 
| essary to use a thermometer to 
| | determine the temperature of 
wy the steam as this can be com- 


= = Mer, puted from the barometer read- 
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AN ILLUSTRATION OF FORCE AND ACCELERATION. 
By W. C. HAWTHORNE. 


Central Young Men’s Christian Association, Chicago. 


It is not difficult to call to the pupil’s mind many every day 
examples of the relation between force, mass and acceleration, 
but no harm is done certainly, in backing up these with a lecture 
table experiment. An extremely easy one to arrange is that in 
which the masses are represented by balls of various weights, 
suspended by a long thread. Various forces may be applied 
to these by means of rubber bands, stretched to different lengths. 
If not evident, it may easily be shown by a preliminary experi- 
ment, that the forces are proportional to the amount of stretching. 
Attach the rubber band to the ball, hold the latter with one hand, 
stretch the rubber one, two or three inches with the other, and 
release the ball. The fact that acceleration varies with the force 
will be quite evident. Again, substitute a heavier ball, and 
notice that a much greater force is needed to produce the same 
acceleration, or, roughly, that force varies as mass, if accelera- 
tion is constant. It seemed to me that the equation, f = ma 
was more vivid to the minds of my class this year because of 
this little experiment. 





A NEW PROCESS FOR MAKING MALLEABLE IRON AND STEEL. 


A new process for directly converting iron ore into malleable iron or 
steel by a continuous system has recently been made by two Australians, 
Messrs. Heskett and Moore. It is claimed that the new discovery will 
effect a saving of twenty-five per cent in the manufacture. The ore is 
simply concentrated by ordinary methods, or if it is magnetic it is 
separated electrically until the pure oxide of iron is obtained. The 
oxide of iron is passed through a revolving cylinder heated by waste 
gases from subsequent operations, and brought in that cylinder to a 
dull red heat. It drops from the cylinder to a second similar cylinder, 
and in the latter it is Drought into contact with the deoxidizing gas 
which is forced through and brought into contact with the heated ore. 
The heated ore is thus converted into a pure iron. Accompanied by and 
protected by the deoxidizing gas, it is passed into a third chamber or 
melting hearth, where it falls into a bath of molten iron, and is con 
verted directly into steel or balled up as malleable iron.—Scientific 
American. 
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TWO QUESTIONS AS TO THE FRUSTUM THEOREM IN SOLID 
GEOMETRY. 


By T. M. Braxsteg, Pa. D., 
913 N. Lincoln Street, Ames, Iowa. 


As the student has already solved the general theorems as 
to the volume of a prism or a pyramid by dividing them into tri- 
angular parts, he is inclined to use that method here. But as in 
general the sum of the means is not equal to the mean of the 
sums, he is likely to get into trouble. However, it can be proved 
this way: 

Let B be the lower base composed of triangles Bi, Bz Bs3,..... 

‘“ 6 °* the upper base composed of triangles 41, 42, 43,..... 

‘' F “ the frustum composed of triangular parts F), Foe, 

, ee 
Let H and 4 be the altitudes of entire pyramid and parts cut off. 


b _ he __b _ be _ b3 he P h 
H—A=k - a a *. i. B, and | 4, Bi = 


H 


k P A 
Fi= z= (B, + l B, b,+5) he V b. Bo= i B. and so on. 


k — ‘ ; ae 
F,.= 3 (B.+ i] Bo bo + b.) 2's | b, Bi+/ bs B+); B+ see eee _- 


h / h iw = 
yw. oh © oe Y= —B= _/2Rp=)F B= 


H H - VB 


k sdiiinees k “ 
F=-, (B+ (VB. 4 +B 4. +......]+5)= 7 (B+ VbB +4). 
Q. E. D. 
Question 2. Can the general theorem be proved directly at 
first? It can. 


Let H and 4 be the altitudes of entire pyramid and part cut off. 
H—A=h, P and f volumes and B and 4 bases, 





‘ 6 kt ht * 

F=P-f=}HB-jhd, 3 =F -'- O= FB, VOB=4q B 
h’ H?+H A+22 h ht 

F=} B(H— 373) =4 4B (jy )=44(B+ 7, B+ ye B ) 


~.F=$h (B+VB6+6). Q. ELD. 


These proofs may be well known to many; being original with 
the writer they were of interest to him. 
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PROBLEM DEPARTMENT. 
Ina M. DELOoNG, 
University of Colorado, Boulder, Colo. 


Readers of the Magazine are invited to send solutions of the problems 
in this department and also to propose problems in which they are in- 
terested. Solutions and problems will be duly credited to the author. 
Address all communications to Ira M. DeLong, Boulder, Colo. 


ALGEBRA. 


32. Proposed by I. L. Winckler, Cleveland, Ohio. 
A man has a debt of $4,000 and agrees to pay it in four equal 
installments, interest at 5 per cent per annum, compounded every 


instant. Required the annual payment. 
{In actuarial circles it is customary to treat money compounding 


every instant in the following manner: If the interest (rate = r) 


were paid in ‘th of a year, one dollar would amount to 1 + 


Compounding n times, the amount at the end of the year is (1 + 7)". 


Since the problem requires the money to compound every instant we 
fs In k years, 


must let m become infinite; lim. m =«(1 + 7)" =e 
nm 

the amount of one dollar, compounding every instant is-**. In the 

present case r = .05.—Epriror.] 

Solution by H. C. Whitaker, Ph.D., Philadelphia, Pa. 

The amount of the debt at the end of 4 years is 4000 e* = 4885.612 
Let x = the annual payment. The amount of the first payment, when the 
debt is fully canceled is xe = 1.161834; of the second payment, xe"! 
1.105171 x; of the third payment, +e = 1.051271 x; of the last payment, 
x. Equating the amounts of the payments to the amount of the debt 

4000 ¢ 


4=Fpeige wy = 1131.38. 


Solved also by E. L. Brown, W. H. Malone, P. G. Agnew. 


33. ‘Proposed by H. C. Whitaker, Ph.D., Philadelphia, Pa. 


A man has a tract of land containing A acres; part of this tract 
he sold for B dollars per acre more than the rest and he realized C 
dollars on each portion. What price per acre did each portion sell 
for and how many acres in each part? 


Solution by E. L. Brown, M.A., Denver, Colo. 


Let x = price per acre for first part. 
Then 4+ x = price per acre for second part, 


c . 
== number acres in first part, 


P 
and i; number of acres in second part. 
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By conditions of problem we have 








c € . 
s+haxz % oO ax®+ (ab—2c¢) x —bc=oa. 
pe U—absV 4+ AP 
2a 
Since x can not be negative, the negative value of the radical can not 
be taken 
ite Fe _2%+ab+V4e+ a oe | | Seay 
2a Py... 20 —ab+V 4c? + a? 


é 2a: 
and b+x ~ 2¢ + ab + V42+ a 7 
Solved also by T. M. Blakslee, Gertrude L. Roper, and proposer. 
A solution of No. 28 was received from E. L. Brown too late for 
crediting in the October number. 





GEOMETRY. 


24. Proposed by R. OC. Shellenbarger, Yankton, 8S. D. 
Inscribe a square within the part common to two intersecting circles. 
Solution by F. J. Zipf, Chicago, Ill. 
In the absence of geometric 
solutions, I offer the following 
algebraic solution based on the p 
assumption (1) that HG, the 
part of the line of centers be- 
tween the circumferences is A B 
known, (2) that OO’ is a line of 
symmetry for the required > 
square. Oo HIE F Cc Oo’ 


The known quantities are: 
R = OG; r = O'“, d = GH. D Cc 
Let AB be the side of the re- 
quired square, denote angles 

















BOO’ bya, AO’O by B, let EF @) 
<=AB=—28; AE=BF=sz, FG 
as 6, HB = 3b. 
, 5 R—a, , bs 
sin a R’ cose rn’ whence, since sin *a + cos %a 1, it follows 
that s° —24aR + a? =0......... ania ote fie dae kcedebe yr 
en : $ r—b 
Similarly, sin8 = —>» cos8 = 7. and therefore 
52 Rie oF OE Bein bah ats 0k s eke owes 40006 an <n (2). 
From the figure, 2s d—a-—b...... eteitadh tide ote eben (3). 


These three equations enable us to determine algebraically the 
three unknowns, 8, a, b. 

34. Proposed by J. Alerander Clarke, A.M., Philadelphia, Pa. 

Find a point from which two given lines (or line-segments) are 
seen at the same angle. 
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Solution by H. C. Whitaker, Ph.D., Philadelphia, Pa. 

The angle may be assumed to be given, in which case the construc 
tion will usually be determinate. Or the angle may be variable, in 
which case the locus of the required point may be found. 

I. When the angle is given. On each line-segment as a base con- 
struct a circle-segment in which the angle may be inscribed. The inter- 
section of the two arcs of these circle-segments is the point required. 

Il. When the angle is variable. Take the co-ordinates of the ends 
of one line-segment as (a, 0) and (b, 0). If the segment capable of 
having an angle @ inscribed in it has its are to pass through these two 
points, its equation is 

y>+ («@ — a) (a2 — b) = y(a — bd) cot ¢@ 
Take the co-ordinates of the ends of the other line-segment to be at 
(0, ce) and (d, e). Then the equation of a similar are through them 
will be 

(y—ec) (y—e) + a(x — d) = [a(e — c) — dy + cd] cot 6 

Eliminating cot @ between these two equations gives an equation 
of the third degree, the locus required. 

Solved also by E. L. Brown. 

35. Proposed by J. S. Brown, San Marcos, Tezas. 

ABC is a triangle right angled at C; M, N, R squares on the sides 
AC, CB, BA; PS and TK are lines joining adjacent vertices of N, R 
and M, R. Prove that the common chord of the two circles on PS 
and TK as diameters passes through C and the mid point of KS. 

I. Solution by BE. L. Brown, M.A., Denver, Colo. 

Let L be the mid point of KS. 


° ia Produce CB to intersect PS in B, 
~ 
/ CA to intersect KT in F, TA to 
/~™ / 7 intersect at D circle having TK 


for diameter. Join KD and pro- 
> | long to meet BE in J. Draw LG 
ie 3 and SI perpendicular to BE, and 
a/ - SQ perpendicular to KJ. Join 
LE. Draw CH tangent to circle 
/ . F, and join HF; draw LO tan- 
gent to circle on PS, and join 
OF. 
. / Let, AB=c,BC—a, CA=b, TF 
=, PE = r. 
ic Triangles ADK and ABC are 
equal. Therefore AD=— AT, and 
hence KF = FT, making F center of circle. Similarly we prove E to 
be center of other circle. 














S t 


a. b 
AF = } DK = =} also, BE= - 


KT’ = DT” + DK”, or 4R?°= 42 4a’. .°. R2= H+ z 





— q 2 2 
CH? = CF*- FH’ = (6+ >) -(# +9) = a@. 
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Similarly we find the square of the tangent from C to the circle E 
equal to ab. Therefore C is a point on radical axis of two circles. 


b 
Triangles EIS and PBE are equal; therefore IS = a, IE = -,- 


“ 


Triangles SQK and ABC are equal; therefore SQ = a. 


° ‘ - a 
Hence SQJI is a square, making IJ = a, and IG = >: 





r 7m . b—a SI + KJ b+ 2a 
KJ =a+6. EG=IE-I1G=->-: LG=-—> - — 
9 ~9 — 9 Sa’ + 2ab+ 2h ae :; 
LE LG’ + EG'= 4 a PS’ = 47? = 4a? + 2B. 
. a acai 9 =e 5a*+2ab+ FP ( 42 6? 
2 24 —, * - 3* — OR*— ———- - |[ 
? a 4 LO LE OE 4 rea 


at+é 2 
[c- 


In a similar manner we find square of tangent from L to circle F 


1+6\2 
equal to ( - -—) Therefore L is a point on the radical axis of the two 
circles. 

II. Solution by T. M. Blakslee, Ph.D., Ames, Iowa. 

Let C be the origin, CA along the positive z-axis, CB along the 
positive y-axis. Denote the sides of M, N by m, n. The co-ordinates of 
T, P, K, S are (m, —m), (—n, n), (m + n, m), (n, m + nj). The 
middle points of TK, PS, KS are 

nm m wm nm 
(m+ 5,0), (oat>z)> (a+ >> mM+z)- 


The equations of the circles of TK and PS are 


. 2 2 . 2 2 
aon m + > ) | + y? = m* + +3 + ly—(n +%)] = n+ . 
The equation of their common chord is therefore (2m + n) 2 = 
(2n + m)y. This line evidently passes through the origin C, and 

the middle point of KS. 

Solved also analytically by E. L. Brown. 

Solutions of No. 30 were received from O. R. Sheldon and E. L. 
Brown too late for crediting in the October number. 

23. Note by EB. L. Brown, M.A., Denver, Colo. 

The solutions of problem 23 in the October issue suggest the fol- 
lowing extension: The angles between the tangents at M and N when 
these points lie on same side of A is the supplement of the angle 
between the tangents when these points lie on opposite sides of A. 

When M and N lie on the same side of A, 

MTN + TMN + TNM = 180° = BAM + CAN + (180° — BAC) 

. MIN = 180° BAC, 
TRIGONOMETRY. 
26. Proposed by H. C. Whitaker, Ph.D., Philadelphia, Pa. 
A steeple of a church rises 100 feet above the base of the steeple. 


Two persons are at horizontal distances of 200 feet and 300 feet re- 
spectively from the steeple, the steeple appearing to them under the 
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same visual angle. What is the distance from the ground to the base 
of the steeple? 

Remark by Wm. B. Borgers, Grand Rapids, Mich. 

As in Mr. E. L. Brown’s solution on page 626 of the October number 
of this magazine, let AB be the distance from the ground to base of 
steeple, BC the steeple, D and E the observers, whose distances from 
the steeple are 200 and 300 feet respectively. 

Since the angels BDC and BEC are equal, it follows that at some 
point F between D and B, the visual angle will have a maximum value. 
It can easily be shown that AF — 2449 ft., and BFC = 11° 33’. 

Denoting AF by z, we have 
4 

BC: sin BEC = BE: sin ECB =Vap+ OSS > 
j J ACG? + x? 

However, BC = 100, and by Mr. Brown’s solution, AB = 200; 
therefore one finds by the method of the calculus that the maximum 
value of sin B is obtained when 


gs: AB’ AC’, i. ¢., when «+ = 100) 6 = 244.9; when + = 100, 6, 
aan B= 200, B = 11° 33’. 
A solution of No. 31 was received from E. L. Brown too late for 
crediting in the October issue. 


PROBLEMS FOR SOLUTION. 
ALGEBRA. 


40. Proposed by O. R. Sheldon, 278 BE. 35th St., Chicago, Il. 

A square garden, side 12 rods, is planted with trees, no two of 
which are less than one rod apart. No tree to be nearer to the fence 
than one-half rod. How many trees can be planted? 

[Chicago, September 1, 1906.—I hereby offer a prize of $3.00 for the 
best solution with more than 152 trees (my own result) as answer. 
A “worm fence” is not allowed. Solutions should be sent to Professor 
DeLong, Boulder, Colo.—O. R. SHELDON.] 

41. Proposed by H. C. Whitaker, Ph.D., Philadelphia, Pa. 

The sides of a rectangular room are 39 feet and 31 feet respec- 
tively. A rectangular strip of carpet of area 225 square feet is laid 
diagonally across the room in such a manner that each corner of the 
carpet touches one side of the room. Find the two dimensions of the 


carpet. 
GEOMETRY. 


42. Proposed by Ralph E. Root, Sc.B., Forest City, Iowa. 
If in a given circle a triangle ABC be inscribed, the bisectors of 


whose angles meet at P, show that the perpendicular bisectors of PA, 
PB, and PC intersect by pairs in the circumference of the given circle. 


APPLIED MATHEMATICS. 


43. Proposed by H. C. Whitaker, Ph.D., Philadelphia, Pa. 
A heavy sphere of radius r is placed in a glass of water in the 
shape of a cone, radius R and height h. How much water runs over? 








a 
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THE NEW MOVEMENT AMONG PHYSICS TEACHERS. 


CrrcuLaR IV. 


In accordance with the program for the conduct of this movement, 
there is submitted in this circular as a basis of discussion a portion 
of the proposed syllabus. It was thought unnecessary to submit the 
entire document until it is clear that the form and arrangement is 
the one desired hy the physics teachers. 

It is important that everyone should recognize the fact that this 
syllabus is submitted as a basis for discussion. It has not been acted 
on by the commission, and it is hoped that no member of the commis- 
sion will approve it unless he is sure it is an advance in the right 
direction. It is very desirable that there be a free and widespread 
discussion of it, and that everybody who has any suggestions to make 
should make them freely and without reserve. If you see any point 
in which this syllabus can be improved, it is your duty to inform 
the commission of the fact. You are also urged, if you have an en 
tirely new plan to suggest, to send in the scheme for consideration. 
All such suggestions will be brought before the commission ‘for con 
sideration. 

The purpose of the commission in this work is twofold. First, to 
find out just what is wanted by the teachers as a whole for the im 
provement of physics teaching; and second, having found this out, 
to attempt to secure it for them. In order to attain these objects, it 
is very important that everyone should express his opinion freely, and 
it is hoped that this will be the case. If the members of the com- 
mission will give prompt attention to this work for a short time, the 
commission will be able to realize its purposes quickly, and much good 
to the teaching of our subject will result. 

The course outlined in the following syllabus is supposed to be a 
one-year course in the third or fourth year of the secondary school. 
The course should be preceded in the first or second year by a simpler 
and more qualitative course in general physical science. The encour 
agement of the establishment of such courses is one of the aims of 
this outline. 

Attention is particularly directed to the following points of this 
syllabus: 

1. The subject matter of the proposed course does not differ at 
all from that now given in the present physics courses. Hence any 
of the regular texts may be used, the lessons from the text being 1s- 
signed by topics. 

2. This syllabus differs from those now in use in two essential 
points, namely, in emphasis, and in organization. 

As to the first, the emphasis has been laid on energy transforma- 
tions and transferrences, because these are the real subject of study 
In physics. This emphasis also adds unity to the course by centering 
the discussion on one fhing. 

The organization of the course follows readily if we agree to em- 
phasize the energy phenomena. The arrangement sketched below 
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shows how much simpler the outline becomes when arranged from 
this point of view. The subject matter falls naturally under a few 
general principles, and many of the laws of the books are seen to be 
either special cases or else essential to obtaining knowledge of the 
energy relations under discussion. Thus the laws of the lever, the 
law of moments, the laws of the pulleys, etc., all fall under the gen 
eral work principle, often called the law of machines. In heat, the 
ideas of temperature and of heat-quantity, the laws of boiling, of 
saturated vapors, Boyle’s law, and that of Charles are all subsidiary 
to finding the relations between heat and work. This organization 
also gives a continuity to the course, and justifies the introduction 
of many ideas which usually are introduced without justification. 

3. An organization like this enables the teacher to use the scien 
tific method, and to develop a habit of using it among the students. 
For example, he starts with a problem: How much work can a heat 
engine do under certain conditions? In the solution of this problem 
he has to proceed inductively and to establish and use most of the 
important principles in heat. If the students are interested in the 
problem there will be no trouble in retaining their interest in the 
steps to “its solution. 

4. The topics enumerated in the subheads to the general prin 
ciples in the syllabus are far too numerous to be treated satisfactorily 
in one year. This compels the teacher to select and use only those 
best suited to the particular conditions under which he works. It 
also lays stress on the necessity of the student’s comprehending and 
being able to use the general principles which form the chief head 
ings. This arrangement also gives the necessary flexibility to the 
syllabus. 

5. The historical matter is introduced in such a way as to en 
courage lInying weight on the connections between physics and the 
other activities. When possible, the historical matter is placed first. 

6. Topics are introduced from the general experiences of the stu 
dent. The attempt is made to first find a problem from his own world 
in which he is interested, and then to proceed in the main inductively 
to its solution. 

DEFINITION OF THE PHysIcs UNIT. 


1. The one-year course in physics should occupy at least 240 
periods of 45 minutes each, e. g., six periods a week for 40 weeks. 

2. The work shall consist of two closely related parts, class work, 
and laboratory work. At .least one-third of the time shall be devoted 
to the laboratory. 

38. It is very essential that at leagt two of the six periods a week 
be arranged as a double period for laboratory work. 

4, The class work shall include the study of at least one standard 
text. 

5. In the laboratory, each student should perform at least 40 
individual experiments, both qualitative and quantitative as the teacher 
may require, but 20 quantitative experiments, each of which illustrates 
an important principle of physics, and no two of which illustrate 




















MOVEMENT AMONG PHYSICS TEACHERS 789 


the same principle, must be written up in ink in the note-book. The 
20 experiments so written up should be selected to illustrate the 
starred topics in the syllabus. (The meaning of this may not be 
clear. The aims are: to allow the introduction of qualitative experi- 
ments if the teacher wishes, to allow but to discourage the experi- 
ments in learning to use measuring instruments merely as such, to 
allow but to discourage attempts at determining numerical coefficients 
and constants, and to take the emphasis off the apparatus and put 
it on the observation of phenomena. How may these aims be at- 
tained?) 

6. In the class work the student must be drilled to an understand- 
ing of the use of the general principles which form the chief headings. 
He must be able to, apply these principles to the solution of simple, 
practical concrete problems. The teacher may omit as many of the 
topics in the subheads as he thinks best, provided the student is able 
to use the general principle intelligently, and to give reasons for his 
belief in the validity of the principle. 

7. Examinations should be framed to test the student’s under- 
standing of and ability to use these general principles as indicated 
in 6. 

8. The teacher is not required to follow the order of topics indi- 
cated in the syllabus unless he wishes to do so. 


SYLLABUS. 


(Note. It is hoped that additions rather than reductions will be 
made to the following outline, especially additions of experiments 
for both demonstration and laboratory. If only we can make the 
syllabus a source of suggestion to the teacher instead of an incubus, 
much good will result.) 


INTRODUCTION. 


A. Weight. Center of gravity. 
a. Concept of weight illustrated by common experiences; some 
things heavy, others light. 
b. Measurement of weight by spring balance in gm-wt and in 
lb-wt. 

Graphical representation of weights by vectors pointing ver- 

tically downward. Scale of the plat. 

d. Weight conceived as applied at a point, center of gravity. 
Experiments in balancing. Conditions for balance or equi- 
librium, namely, that the plumb line through the center of 
gravity falls within the base of support. Experimental deter- 
mination of center of gravity. The meter stick experiment. 
ete. 


B. Force. Parallelogram of forces. 
a. Hang body on a string tied to a spring balance. Show that 
the balance reading is the same when the string hangs verti- 
cally downward and when it is passed over a pulley so that 
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the balance is not vertical. Concept of pulls similar to weight 
in other directions than vertical. Graphical representation 
by vectors in direction of force. 

Two spring baiances pulling against each other, readings are 
the same. Tension equal in both directions. Graphical rep- 
resentation by equal oppositely directed vectors. 

Two spring balances pull against one in opposite direction, 
sum of the two equals the one. Vectors to represent this: 
vector sum. 

Three spring, balances pulling against one another in any di- 
rections. Graphical representation by vectors. Addition of 
vectors to form a closed triangle. Composition of forces. 
Summary and statement of the parallelogram of forces. 


MECHANICS. 


Forces in liquids. Pascal's law. 


a. 


b. 


Cc. 


d. 


e. 


c. 


From familiar experience show that the total force on the 
bottom of a rectangular vessel equals the weight of the liquid. 
When the area of the base is constant, the tctal force varies 
with the depth. When the depth is constant, it varies with 
the area. Pressure defined as force per cm’. 

One cu cm of water weighs a gram. 

Pressure at a point the same in all directions. 

Pressure of a confined liquid same on every sq cm of the con- 
taining vessel. Hydraulic press. 

Summary. Pascal’s law. 


Pressure in gases. Atmospheric pressure and Boyle’s law. 


a. 


Sales 


From general experiences show evidences of atmospheric pres- 
sure. 

Historical. Galileo, Torricelli, Pascal. Pumps. Siphon. 
Barometer. Uses in meteorology. 

Spring of air. Boyle’s law. 

Graphical representation of PV = Const. 


Equilibrated pressures in fluids. Archimedes’ principle. 


a. 


*b. 
c. 
*d. 


Show flotation of bodies less dense than water. Vectors rep- 
resenting weight of body and upward pressure of water. 
Summary. Archimedes’ principle. 

Buoyancy. Bodies denser than water in water. Balloous. 
Equal volumes of different substances have different weights. 
Specific gravity. Vectors showing weight of the body and 
the upward pressure of fluid. 


Action of Weight. Falling bodies. 


a. 


b. 


Bodies free to fall acquire velocity downward. Concept of 
uniform or average velocity from running, boating, riding. 

Measurement of velocity. Distance measured in ft or cm, 
time in sec. Velocity measured by distance divided by time. 


Symbols for velocity, — /’. Define velocity as rate of 


sé« 


change of distance. 











eee ee 
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ce. Algebraic representation of uniform or average velocity v = 
s/t. Graphical representation on a distance-time plot. 

d. Note that in falling bodies a greater height of fall gives a 
greater velocity. Concept of variable velocity from cars, 
trains, autos starting and stopping, etc. Concept of change 
in velocity in a time unit. Acceleration defined as rate of 
change of velocity. 

e. Algebraic representation of uniform acceleration a = V/t when 
body starts from or ends up at rest. Graphical representa- 
tion of accelerated motion on distance-time plot. Measure- 
ment of acceleration in cm and sec*. Symbol for acceleration. 

f. Space passed over with uniformly accelerated motion start- 
ing from rest. s = V/2t. 

g. Numerical value of acceleration of gravity. 

h. Discussion as to whether g is the same for all bodies. His- 
torical. Aristofle-Galileo. Newton. 

Work done in lifting against weight. Principle of external work 

(law of machines). 

na. Idea of gravity work —lifting brick, hauling water, etc. 
Amount of work depends on two factors—weight lifted, and 
distance in a vertical direction. Agree to measure work by 
the product of wtxht. Units, ft-lbs. or gm-cm. Graphical 
representation of work on the weight-height diagram. 

b. Positive and negative work. Pendulum. Work done on it 

(positive) equals work it can do (negative). 

Galileo’s pendulum. Work done by pendulum not greater than 

work done on it. Work depends on difference of level, not 

on path from one level to the other. Mechanical energy may 
be measured by work. 

d. Historical on the use of machines in doing work in antiquity 
and at the present time. Simple machines. 

*e. Inclined plane. Work in lifting body up measured by weight 
< vertical ht. Practically work necessary to raise the body 
along the plane equals force * length. These works not equal 
in practice. Fl is greater than Wh. Efficiency of the plane 
Wh/Fl. As friction is reduced FJ becomes more nearly equal 
to Wh. In ideal case Fl = Wh. 

*f. Pulleys. Smaller weight acts through a greater height. Wh 
not equal to wH. Efficiency. Work done by the pulleys can 
not be greater than the work done on them. In the ideal 
case these works are equal. 

*g. Levers. Equal arm has an efficiency = 1. Principle of mo- 
ments from the work principle. When the weight of the lever 
has to be lifted, efficiency is less than 1. 

b. Wheel and axle. Principle of moments develop from work 
principle. Equilibrium when moments balance. 

i. General case of equilibrium. No translation when forces in 
opposite directions balance. No rotation when moments about 
any point balance. 








10. 


11. 
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Energy of motion. Potential energy lost equals kinetic energy 

gained. 

a. Piledriver, bullet, pendulum. Middle of swing, s = 0, but 
it has a velocity. Also has its energy. Cannot measure its 
energy by Fs since s = 0. Hence we must substitute for s 
the velocity acquired in falling a distance s. By experiment 
show s proportional to V*. 

b. Relation of s to V in falling bodies. From a = V/t and s 
= Vt/2, eliminate ¢t and find s = V*/2a. Hence F's —FV?/2a. 

*c. Note that weight is not active at the middle of swing. Yet 
bob of same material but twice the size bas twice the energy. 
Notion of mass. How measure mass? From Fs — FV?/2a; 
agree to measure mass by F/a. Call it m. Then m = F/a, 
F = ma. In case of gravity, Weight = mass x g. Summary. 
Newton’s second law. Substitute m for F'/a to get F's = MV?/2. 

d. Absolute units: of mass, gm; of force, dyne; of work, erg. 

*e. Weight is proportional to mass, since g is the same for all 
bodies. Density, as gm per cm*. 

f. Conceive pendulum string cut during the middle of the swing. 
Bob moves horizontally. How far? Notion of inertia. Energy 
of motion remains constant unless dissipated. Summary. 
Newton’s first law. 

g. Summary. reneral statements of the conservation of me- 
chanical energy. 

Power, as rate of doing work. 

a. Need of knowing power. Historical rating of engines from 
the treadmill. Horse power defined in foot-pounds, gm-cm, 
and watts. 

Action and reaction: momentum remains constant. 

a. Common examples as man on slippery floor, boy jumping from 
boat, child in swing, train and earth, etc. Force between the 
two the same: F = mA = Ma. Applied for the same time 
t, so that mV = Mv. 

b. Impact. 

Rotation. 

a. From general experience give idea of rotary inertia, as in 
fly-wheel, top, etc. Manifestations of inertia in centrifugal 
action, as in loop-the-loop, drying machines, cream separator, 
etc. 

b. Quantitative relations, f = mv*/r. Rotary energy — Iw*/2. 

Work done by fluids, measured by pressure times volume that flows. 


a. 


Water motors, wind mills, turbines, steam engines to show 
work done by fluids. 

Measurement of work done by fluid as pressure times volume 
that flows developed from the expression F's. 

Summary. Necessity of flowing from higher to lower pres- 
sure. How get the water or wind or steam at higher pressure? 
Extension of the ideas of conservation of work. Impossibility 
of perpetual motion. What about heat as energy? 





en eee 
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HEAT. 


Conversion of work into heat; Joule’s equivalent. 

a. Common cases of heat by friction, by compression of a gas, 
etc. 

b. Measurement of heat. Temperature measured by sense of 
touch. Touch not sensitive. Replace by expansion. Discus- 
sion of expansion of solids and liquids. Mercury thermometer, 
temperature scale. 

*c. Expansion of gases, Charles law, air thermometer, absolute 
scale. 

*d. Measurement of quantity of heat, gm cal. Specific heat. 

e. Historical: Rumford, Davy, Joule, etc., and the determina- 
tion of the ratio between the heat and the work units. 

f. Summary and examples showing concretely the value of the 
Joule equivalent: e.g., compute energy wasted when taking a 
warm bath. 

Conversion of heat into work. Conservation of energy. 

a. General uses of heat engines; steam, gasoline, gas, etc. His- 
tory of the steam engine and of its effetes on civilization. 

b. Trace heat through a steam engine, showing what must be 
known to understand its working. Source of heat. Coal as a 
source of energy. Mechanical equivalent of 1 lb. of coal. 

*c, Evaporation. Heat absorbed. Water vapor in atmosphere, 
condensation, clouds, rain. 

*d. Saturated vapors. Pressure depends only on temperature 
Definition of boiling point. Relative humidity, dewpoint. 

e. Failure of early engines. Work of Watt. Cooling by expan- 
sion when work is done. Condensation. Cold storage, liquid 
air. 

*f. Freezing and melting. Heat of fusion. Special case of ice. 

g. Summary. When work is done, temperature falls. General 
notions of conservation of energy. 

Transferrence of heat energy: flows from higher to lower temper- 

ature. 

a. Common experiences of heat transfer, as hot poker, hot water 
and hot air heaters. Explain conduction and convection, 
and distinguish them. 

b. Common experiences with radiation. Sun and earth, grate 
fire, etc. Concept of transfer of energy by waves, as on water, 
stretched rope, etc. Necessity for medium. This medium not 
air. Notions of ether. 

ce. Radiation and absorption. Good absorbers are good radiators. 
All bodies are radiating heat at all temperatures. Radiation 
more intense at higher temperatures, and changes its nature, 
as heat to light at 520°C. 

This portion of the syllabus is enough to make clear the proposed 


form and spirit. Before printing the remainder, we wish to find out 
whether such a syllabus meets with the approval of the physics teachers 
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generally. In order to have as open a discussion of the matter as 
is possible, this suggested syllabus is now submitted not only to the 
members of the commission, but also to those others who have shown 
interest in this matter. It has been discussed and approved by the 
members of the commission who are resident in Chicago, namely, by 
Messrs. E. E. Burns, C. H. Smith, W. E. Tower, and C. M. Turton. 
You are invited, whether you are a member of the commission or not, 
to send answers to the following questions: 

1. Does the definition of the unit as given above seem to you to 
be what is needed? If not, please suggest changes and state your rea- 
sons for them. 

2. Is the form of the syllabus, consisting of general principles to be 
learned for use and subheads as suggestions to the teacher, satisfac- 
tory? If not, please suggest a better form, with your reasons for the 
change. 

3. Do you wish to have either the choice or the arrangement of the 
subject matter changed? If so, please suggest changes with reasons for 
them. In answering this, note number 6 in the definition of the unit. 

4. Is the plan of starring topics for illustration in the laboratory 
more satisfactory than the old plan of a list of approved experiments? 

Even if you have no changes to suggest, it is hoped that you will 
send answers. Though they be brief, it all helps. Answers should be 
sent in before December 1, so that the entire syllabus may then be com- 
pleted. As before, they should be sent to C. R. Mann, University of 


Chicago. 


PERSONAL NOTES. 


Dr. L. D. Ames of the University of Missouri has been made an 
assistant professor of mathematics. 

Mr. A. L. Rhoton is head of the department of mathematics of 
the Southwestern Baptist University, Jackson, Tenn. 

Professor George Bruce Halstead goes from Kenyon College to the 
headship of the department of mathematics of the State Normal School 
of Greeley, Colo. 

Professor G. A. Miller, formerly of Leland Stanford, Jr., University, 
and one of the associate editors of this journal. is now associate pro- 
fessor of mathematics in the University of Illinois. His address is 
907 W. Nevada St., Urbana, III. 

Dr. H. L. Coar, until this year instructor in mathematics in the 
University of Illinois, has accepted the associate professorship of 
mathematics in Marietta College, Marietta, O. Professor Coar fills the 
vacancy left by Professor T. E. McKinney, an old friend of this jour- 
nal, who accepts the professorship of mathematics in Wesleyan Uni- 
versity, Middletown, Conn. 
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CHEMISTRY TEACHERS’ CLUB OF NEW YORK CITY. 
FIFTEENTH MEETING, MAY 12, 1906. 


After the usual informal dinner at the Hotel Savoy, the members 
of the Chemistry Teachers’ Club assembled for the fifteenth meeting 
at 8:35 Pp. m., in Room 202, Board of Education Building. 

The reading of the minutes of previous meeting was dispensed with. 

Mr. Weed, representing the Committee on Printing, showed sampfes 
(cards of the proposed printed list of the experiments described and 
papers read at the meetings of the club. ‘The Committee on Printing 
was authorized to send a complete set of these cards to each member 
of the club. A full set is to be furnished ScnHoot SclENcCE AND MATHE- 
MaTics for publication, provided credit for the articles be given the 
club; to all others, a fixed price of two cents per card was made. Mr. 
Weed further asked the members to communicate to the committee 
such suggestions and criticisms as experience with the cards would 
create. 

The Nominating Committee appointed at the previous meeting re- 
ported as follows: 

For President, Wm. J. Hancock of Erasmus Hall High School; for 
Vice-president, R. B. Brownlee of Stuyvesant High School; for Sec- 
retary, Jos. S. Mills, High School of Commerce; for Treasurer, Thos. 
H. Currie, DeWitt Clinton High School. 

By vote of the club, the secretary was instructed to cast the ballot 
for the officers nominated. 

The feature of the evening was the discussion of three topics of 
interest to secondary school teachers: 

1. What are the main results to be sought in the teaching of ele- 
mentary chemistry? 

2. What is the main function of laboratory work in the teaching 
of elementary chemistry? 

3. What place have the more prominent hypotheses in the teaching 
of elementary chemistry? z 

The discussions were opened by Messrs. Woodhull, Mills, and 
Walker respectively. The last topic seemed to arouse particular 
interest. Jos. S. Mriiis, Secretary. 


A NEW AND CHEAP PROCESS FOR GENERATING HYDROGEN. 


Consul-General Frank H. Mason makes a report from Paris on a 
new process for producing hydrogen, as follows: 

At a recent meeting of the French Academy the eminent physicist, 
Mr. Moissan, presented a report from Mr. George F. Joubert describ- 
ing a new and thus far secret process for the manufacture of hydrate 
of calcium, a product which, by reason of its convenient fertility for 
the generating of hydrogen gas for ballooning and other purposes, is 
likely to play an important role in the field of applied chemistry. 

It appears that the Société d’Electrochemic, at St. Michel de Mari- 
enne, bas succeeded, like the Electrotechnical Company at Bitterfield, 
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Germany, in producing by electrical process calcium metal on a com- 
mercial scale and: at a price so moderate as to permit its use for 
various industrial purposes. 

The invention of Mr. Joubert consists in a process by which the 
reaction of metallic calcium upon a metallic salt produces the new 
forth of hydrate of calcium, or, as it is commercially known, “hydro- 
lighe.” This resembles in appearance and qualities calcium carbide, 
with the difference that whereas the carbide with the addition of 
water evolves acetylene gas, the hydrolithe upon contact with water 
evolves hydrogen gas. When pure, one pound of hydrolithe will gen- 
erate 18.46 cubic feet of hydrogen. When of the ordinary commercial 
grade of purity, one pound of hydrolithe will create 16.05 cubic feet 
of gas. 

Its most ready and obvious use is thus far for inflating balloons 
for military and other purposes. It is safe and easy to handle, can be 
used for generating gas. wherever water can be obtained, and for long 
flights can be carried as ballast instead of sand, and employed at will 
for refilling the balloon, which may thus be kept in flight almost in- 
definitely. As an illustration of the economy of weight that has been 
accomplished by the substitution of hydrolithe for the purposes of 
military balloon service, it may be stated that an ordinary field balloon 
contains, when inflated, about 17,657 cubic feet of gas, the genera- 
tion of which by the means hitherto employed requires the employ- 
ment of materials and apparatus which fill three wagons, each one 
of which weighs when loaded three and one half tons, and requires 
in a campaign to be drawn by six horses. All this cumbrous and 
costly equipment can now be replaced by a two-horse wagon carrying 
a ton of “hydrolithe,” which, with the addition of water that can be 
obtained anywhere, supplies instantly and in controllable quantities 
whatever gas may be required.—Scientific American. ° 





ARTICLES IN SOME CURRENT JOURNALS. 


Physical Review for September: “The influence of Frequency upon 
the Self-Inductance of Cylindrical Coils of m-Layers,” J. G. Coffin; “On 
the Velocity of Sound in Gases, and the Ratio of the Specific Heats, at 
the Temperature of Liquid Air,” S. R. Cook; “The Use of the Wehnelt 
Interrupter with the Right Exciter for Electric Waves,” A. D. Cole; 
“On the Measurement of the Refractive Index by the Interferometer,” 
C. A. Proctor. For October: “On the Reflection and Transmission of 
Electric Waves by Screens of Resonators and by Grids,” F. C. Blake 
and C. R. Fountain; “The Duration of the Afterglow Produced ir Gases 
by the Electrodeless Ring Discharge,” C. C. Trowbridge; “The Tem- 
perature of Solid Carbonic Acid and its Mixtures with Ether and Alco- 
hol at Different Pressures,” John Zeleny and Anthony Zeleny; “Meas- 
urements of the Internal Temperature Gradient in Common Materials,” 
Chas. B. Thwing. 

School World of London for October: “The School Library as an 
Aid to Form-Teaching,” J. M. Lupton; “The Overbalanced Curricu- 


lums,” Arthur Bowntree. 
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The School Review for October: “A Class of Content-Problems for 
High-School Algebra,” G. W. Myers; “Mathematics and the Doctrine 
of Formal Discipline,” Joseph V. Collins. 

Popular Science Monthly for November: “The Value of Sciepce,” 
M. H. Poincaré; “Pathogenic Protozoa,” Professor Gary N. Calkins; 
“The Making of the Grand Canon of the Colorado,” Professor A. R. 
Crook ; ‘Notes on the Development of Telephone Service,” Fred De Land ; 
“The Jews: a Study of Race and Environment,” Dr. Maurice Fishberg; 
“Changes of Climate,’ Robert DeC. Ward. 

The Technical World for November: “Hudson Bay—New Way to 
Europe,” by J. C. Elliot, “New Island Rises from Ocean,” by J. Mayne 
Baltimore; “Hurrying Up the Coal-Mines,” by Aubrey Fullerton; “A 
New Outdoor Profession,” by Guy E. Mitchell; “World’s New Treasure- 
Box,” by. O. J. Stevenson; “Predicting Next Year’s Weather,” by John 
Elfreth Watkins; “Wonders of New Zealand,” by W. G. FitzGerald. 

Boys and Girls for August-September and October: “Insect Study,” 
Anna Botsford Comstock. 

Science for September 28: “Some Problems for Agricultural Chem- 
ists,” E. B. Voorhees; “The Teaching of Science in College,” George H. 
Mead. 

Country Life for November: “The Best Viburnums and Dogwoods,” 
Wilhelm Miller; “Getting Ready for Winter,” Dallas L. Sharp; “Fifty 
Years of Tree-Planting,” Ellen Watson. 

Science, October 12: “The Unity of the Medical Sciences,” William 
H. Welch. October 19: “Reform in Mathematical Instruction,” G. A. 
Miller. 

American Naturalist for September: “Histogenesis of the Retina,” 
Professor A. W. Weysse and W. S. Burgess; “Notes on Marine Cope- 
poda of Rhode Island,” L. W. Williams; “Lichens of Mount Monadnock, 
New Hampshire,” R. H. Howe, Jr. October: “Naididse of Cedar Point, 
Ohio,” Professor L. B. Walton; “Mechanism of the Odontophoral Ap- 
paratus in Sycotypus canaliculatus,”’ J. C. Herrick. 

Review of Reviews for October: “The Cuban Republic on Trial,” 
Atherton Brownell; “The Coal-Tar Industry and its Jubilee,” Charles 
Baskerville; “Chile and Peru: The Rival Republics of the South,” 
G. M. L. Brown and Franklin Adams; “The Greatest Year of New 
Railroad Enterprises,” J. D. Latimer. 

Scientific American Supplement for October 6: “The Design and 
Construction of a 100-Mile Wireless Telegraph Set,” Frederick Collins. 
October 13: “The Construction of the Heavens,” Hector McPherson; 
“New Low Temperature Phenomena,” Sir James Dewar. October 20: 
“Methods of Measuring Velocities of Projectiles and Pressures in Can- 
non,” Major O. M. Lissak, U.S.A.; “Internal Strains in Iron and Steel,” 
Henry D. Hibbard; “Some Fundamental Characteristics of Mercury 
Vapor Apparatus,” Percy H. Thomas. October 27: “The Bald Eagle 
of the United States.” 

Scientific American for September 29: “The Erection of the Quebec 
Bridge,” “An Improved Ozone Generator.” 








798 SCHOOL SCIENCE AND MATHEMATIOS 


BOOK REVIEWS. 


The Loose Leaf System of Laboratory Notes for Guidance in the Dis- 
section and Study of Animal Types. By ‘'heo. H. Scheffer, A.M. 
93x18% cm.; vi + 112 pages; $1.00 net. P. Blakiston’s Son & Co. 
Directions for laboratory work (mainly morphological) on twenty- 

three types of animals representing various phyla. Leaves removable 

and to be inserted with the students notes and drawings. This 
arrangement permits any order in taking up different types and any 
selection of types, with equal convenience. 


Text-book in General Zoology. Linville and Kelly. S8vo.; 462 pages; 

233 figures; $1.50. Ginn & Co. 

Notwithstanding the large number of zoology text-books that have 
recently appeared, there is abundant justification for the publication 
of this book. It contains useful new matter on certain topics as animal 
behavior and heredity, which will serve to bring the knowledge of the 
pupil well up to date in some of the important fields of zoological 
knowledge, which are receiving much attention at the present time. By 
curtailing some of the less useful material commonly found in intro- 
ductory text-books, the amount of matter is kept within moderate 
bounds. 

The first third of the book is devoted to the Arthropoda and a chap 
ter on evolution. Other groups of invertebrates are next treated in 
a descending order to the Protozoa. The Chordata are then treated in 
the ascending order. The book is not a laboratory guide, but is in- 
tended to accompany laboratory work for which directions are to be 
furnished from other sources. The matter is admirably selected, is 
put in an interesting form, and is unusually free from errors of state 
ment. The figures are excellent and many of them are new. The 
mechanical features of the book are especially good. 


Entomology with Special Reference to Its Biological and Economical 
Aspects. By Justus Watson Folsom, Sc.D. S8vo.; 485 pages; 300 
figures; $3.00 net. 

The growing tendency to give much attention to the study of insects 
in our high school courses in zoology has increased the need for some- 
what extensive general treatises dealing with different phases of our 
knowledge of this group of animals. Good works on systematic ento- 
mology have previously appeared and made it feasible for the author 
of the present work to dispose of the subject of classification in the 
first chapter of twenty-six pages. The second chapter of 119 pages 
deals with anatomy and physiology and is illustrated by no less than 
154 excellent figures of which very many are new. The third chapter 
deals with development, and then follow ten chapters treating of the 
following subjects: “Adaptation of aquatic insects,” “Color and colora 
tion,” “Adaptive coloration,” “Origin of adaptations and of species,” 
“Insects in relation to plants,” “Insects in relation to other animals,” 
“Interrelations of insects,” “Insect behavior,” “Distribution,” “Insects 
in relation to man.” A classified list of the most important literature 


fills fifty-seven pages. 
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The teacher will find in the book a wealth of well selected material 
with the aid of which the stady of insectz in class can be made to 
serve as a basis for the illustration of many of the most important 
generalizations in zoology. 


First Course in Zoology. Thomas Walton Galloway. P. Blakiston’s 
Son & Co., Philadelphia, 1906. 481 pages, 240 figures in text. $2.50. 
This book is announced as a text-book for secondary schools, normal 

schools and colleges, but it will probably find wider use in institutions of 

the latter kind. The first eight chapters (pages 1-134) are devoted to 
discussions of matters of a general nature as is indicated by such chap- 
ter headings as: “Protoplasm,” “The Animal Cell,” “From ‘the Simple 

Cell to the Complex Animal,” “Cellular Differentiation,” “General 

Animal Functions,” “Individual Differentiation and Adaptation.” 

The remainder of the book constitutes the “Special Part,” in which 

phyla and other divisions are treated in order from Protozoa to 

Mammalia. The treatment of each new important group is intro- 

duced by directions for laboratory work on some representative of the 

group, followed by comparisons with other forms and descriptive 
matter. 

The figures are mostly new ones of which many are diagrammatic 
outline figures and others are from photographs. Most of the new 
figures are by Dr. J. W. Folsom of the Entomological Department of 
the University of Illinois. Many of the figures are accompanied by 
questions intended to secure more careful study on the part of the 
pupil. 

Enough work is provided for a full year’s course, and by the use 
of fine print the author has indicated those parts of the book which 
may be omitted when the course extends through but half a year. 
The mechanical part of the beok is first class, and as a whole the 
book has many excellent characteristics. FRANK SMITH. 


Forty Lessons in Physics. Lynn B. McMullen, Shortridge High 
School, Indianapolis, Ind. 19.2 xk 13.3 cm. viii + 452 pages. 378 
cuts and illustrations. Henry Holt & Co., New York. 

“Forty Lessons in Physics,” a new text-book by Lynn B, McMullen, 
which has just appeared upon the market, is interesting for many rea- 
sons and contains a number of unique features. 

In the first place it is written by a high school man, one who knows 
the needs of the average high school pupil rather than by one who 
comes in contact with him only at a very long range. It is not “loaded” 
as extensively as many books designed for high school use, on which 
account it will leave the subject of pbysies clearer in the mind of the 
pupil than many others now on the market. 

The subject matter of the text is divided into five parts as follows: 
Mechanics, Sound, Light, Heat, and Electricity. Mechanics, to which 
the author would give fifteen weeks of the year’s work, contains seven- 
teen chapters on as many different subjects, each one of which is com- 
plete within itself. Sound, following mechanics, contains three chap- 
ters, to which three weeks would be devoted. This is followed by Light, 
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containing seven chapters requiring six weeks’ work. Next follows 
Heat with six chapters requiring five weeks’ work; and lastly Elec- 
tricity with six chapters to which the author would choose to devote 
the last seven weeks of the school year. 

These forty chapters constitute the forty lessons which give the 
book its title. While these forty lessons present as many separate 
studies, yet they do not make a patchwork of the subject as a whole, 
since each chapter blends into the preceding one in both thought and 
logical arrangement. 

Among the special features of the book may be named, first, the 
means employed to make it interesting and easily within the mental 
range of the pupil. To this end the text proper or theoretical matter 
is placed on the left hand page, while the right hand page contains, 
in a very attractive manner, such devices as readily illuminate the 
text. These are made up of diagrams, outlines, definitions, tables, and 
the development of formule. 

A second valuable feature of the book is the number and nature 
of the problems designed to bring out the practical side of the subject. 
These are not difficult and yet they give latitude for some thought on 
the part of the beginner. 

The book as a whole omits many valuable features of the subject 
‘of Physics; however, since it is impossibJe to complete, with any degree 
of thoroughness, the entire subject as laid down in the modern text- 
book in one year’s time, we are led to believe that the author has 
held constantly before his mind the thought that it is better to do 
well what is done than it Is to get a mere notion of a much wider 
field. W. A. FiIsxe. 


BOOKS RECEIVED. 


J. B. Liprrncotr Co., PHILADELPHIA. 


Texi-Book of Physics. By J. A. Culler, Ph.D., Professor of Physics in 
Miami University, Oxford, Ohio. vi + 420 pages. 


RanpD, McNatty & Co., CHIcaco. 


Elementary Woodwork. By Frank Henry Selden, Supervisor of Wood- 
working and Pattern Making, University of Chicago. Fully illus- 
trated. 206 pages. 


Ginn & Company, CHICAGO. 


Principles of Botany. By Joseph T. Beyen, recently Instructor in Bi- 
ology in English High School, Boston, and Bradley M. Davis, head 
of the Department of Botany, Marine Biological Laboratory. 12mo. 
viii + 555 pages. Illustrated. 

An Elementary Study of Chemistry. By William McPherson, Profes- 
sor of Chemistry, Ohio State University, and W. E. Henderson, 
Associate Professor of Chemistry, Ohio State University. vill + 434 


pages. 
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Manual of Physical Geography. By Cary Thomas Wright, Teacher of 
Physical Geography, Union High School, Redlands, California. . 8vo. 
178 pages + 164 pages of ruled sheets and plates. 

Elements of Geology. By William H. Norton, Professor’ of Geology in 
Cornell College. x + 461 pages. Illustrated. ee 

Practical Business Arithmetic. By John H. Moore, Charleston High 
School, Boston, and George W. Miner, Westfield (Mass.) High 
School. S8vo. vill + 449 pages. 

The Human Mechanism. By Theodore Hough, Professor of Biology in 
Simmons College, and William T. Sedgwick, Professor of Biology, 
Massachusetts Institute of Technology. 12mo.. 564 pages. Illus- 
trated. List price, $2.50. 


Larrp & Lee, CHICAGO. 


English Spelling Simplified. A history of the reformed spelling move- 
ment to date, including the 300 words adopted for use in the gov- 
ernment department, 3.500 amended spellings, and rules. Pp. 96. 

Henry Hort & Co., New York. 

Everyday Ethics. By Ella Lyman Cabot. Pp. 439. 





PARTIAL PROGRAMME OF THE CENTRAL ASSOCIATION OF 
SCIENCE AND MATHEMATICS TEACHERS. 


The Association meets at the University of Chicago on Friday and 
Saturday, November 30 and December 1. Two sessions will be held 
jointly with the American Physical Society, which meets in Chicago 
on the above dates. 


THURSDAY, NOVEMBER 29. 


8:00 p. m. Meeting of the Executive Committee at City Y. M. C. A. 
Building, 153 LaSalle Street. 


Frmpay, NoveMBer 30. 


10:00 a. mM. Meeting of the Association in Mandel. Hall, University 
of Chicago. 

Address of Welcome—<Acting President Harry Pratt Judson. 

Announcements. 

General Business. 

Address by Professor Lyman C. Newell, Boston University. Sub- 
ject: “Profit and Loss in Experimental Chemistry.” 

Address by Professor William M. Davis, Harvard University. Sub- 
ject: “The Value of Scientific Studies in the Cultivation of Vari- 
ous Mental Faculties.” ~ 

12:30 p. M. Luncheon. A la carte luncheon may be obtained in 

Hutchinson Commons or at the Quadrangle Club. Ladies may have 

the advantages of Hutchinson Commons during the meeting. Also 

the Woman’s Union of the University extends its courtesies to ladies 
in attendance. The privileges of the Reynolds Club are extended 
to the Association throughout the entire meeting. 
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1:30 to 6:00 ve. mw. Section meetings. Por a detailed statement of 
the section programmes see the full programme. In addition to many 
others on these section programmes are: Professors John BE. Cameron 
(bielegy), Kansas City High School; Frank Smith (biology), Uni- 
versity of Illinois; KE. B. Skinner (mathematics), University of 
Wisconsin; H. L. Coar (mathematics), Marietta, 0O.; H. BE. Cobb 
(mathematics), Lewis Institute; W. J. Sutherland (earth science), 
Macomb, Ill.; J. Paul Goode (earth science), University of Chicago ; 
Cc. E. Peet (earth science), Lewis Institute; W. D. Baker (chem- 
istry), Shortridge High School, Indianapolis; Alexander Smith 
(chemistry), University of Chicago; Franklin T. Junes (physics), 
Central High School, Cleveland; C. R. Mann (physics), University 
of Chicago. On Friday evening and Saturday morning the Physics 
end Chemistry Sections will meet with the American Physical So- 
clety. 

5:30 to.6:15 ep. m. Informal reception in parlors of the Reynolds Club. 

6:15.P. m. Dinner in the Men’s Commons for the members of the Cen- 
tral Association of Science and Mathematics Teachers and of the 
American Physical Society. The charge for this dinner will be fifty 
cents per person. Not to exceed four hundred can be accommo- 
dated. After dinner is served an address will be given on the topic, 
“Science for Culture,” by Professor John F. Woodhull, Teachers’ 
College, Columbia University. Following this address the Reynolds 
Club will be open to all who wish to remain for a social evening. 


SATURDAY, DEcEMBER 1. 

8:30 to 10:00 a. mM. Business session in Mandel Hall. In addition to 
the regular business, questions will be discussed relative to our re- 
lationship to the magazine, ScHoot ScreENcE AND MATHEMATICS, and 
with reference to the organization of the National Federation of 
Science and Mathematics Association. 

10:00 a. m. to 12:30 Pp. Mm. Section meetings. 

Saturday afternoon. Excursions for various sections, and meeting of 
the American Physica] Society. 

The complete programme will be mailed to all members of the As- 
sociation. Others who wish to receive the programme should address 
one of the following: Oris W. Catpwett, President, Room 14, Botany 
Building, University of Chicago, or C. M. Turton, Secretary, 440 Ken- 
wood Terrace, Chicago. 


The Directory of Science and Mathematics Associations 
which has been printed on the first three pages of the ad- 
vertising section will hereafter be printed only in the Octo- 
ber, February and June issues. Use now the diretcory 
printed in the October number. 


PROPOSED AMENDMENT TO C. A. OF S. 
AND M. T. 


Annual dues shall be $2.50. 
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